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Télécopie : (33) 01 39 63 53 30 - International : +33 1 39 63 53 30
   	¸





   YA[4V k QRx]S:V^QaYA[{_ HU¶TJVXS b JJeVUqS fUWTRfS]T b Je_h_XYqTRS:V^QaYA[]_KS:TaV^Qa¿UqTaS]JJe_ b JTJedS]UWVXQZY4[
lQaqYA[]UqTZJ
r L     UqKQZTaV^Y4[AUAfYAx]Q  UqTafeS:TaS{_YW BU k QRUWVXQZY4[!#"6J k KUqV jlk Qa[]fQa\]TZJ$&%JY4KJeV k QafeUWT{o/\:VXQafe_'
%JeYAKJV k QRfUqT F G JY k chYW)(/Q+* k UqfV^QaYA[! p U¿c Fk UAfQR[:|,&-S:TaV^Q+BUqTaS]J b Fk U¿qJeT F QRKJ."QZJeT b /QR_XfYA_XQZV°c
OdYqTRS:V^QaYA[!0/\$1 QR[ b Odf G JeKJ$432¸o _`f G JeKJ$  QZ| G " k JedS:JL[]fc54_^c:Kh\:VXYqV^QRf#6 U¿qJJedS]UWVXQZY4[!4JQRWY#





(*),+ e   
W.-  + /
021 ½{e.-½A7   43 ¿{5- +76  + 98 :3 ;
u=<Zw F G J|qJY4KJV k QRf_XYqTRS:V^QaYA[">  UAKQZTaV^Y4[ 4UqfYAx:Q#JedS]UqV^QaYA[<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< M
u=< u Qa_`fY4_^QaV°c._XYqTRS:V^QaYA[{_ Uq[ b TZY:feUWT<KQa[]QaKhUB<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< C
u=< tED pF \ k QR[]fQa\:TaJ<?<A<?<A<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< w.F
u=< M 4 \ k Y4\{Y4_^J b UqTZ|AY k QZV G K <A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< wAw
u=< G j®k Y4x:TaJeKh_ 1 QZV G D pF <?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< w¿u
/EH d   -½A7B.I d  '"J K-%LB]W.-  + (0
t<Zw p JdQZJ1@YqV G JV G JeY k cM<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< w¿u
t< u 0/[dÄYqT b QR[:|V G JfUqS{_^VXQafN<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< weM
t< t p J,O{JLfV^QaYA[Y4[x6YAS][ b U k QZJL_P<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< wG
;EQ eq-%R.-  + SJ .I    L  W  T8 @3 (VU
MS<Zw p U¿c V k UqfQa[:|B<?<?<A<?<A<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< w.C
MS< u fYAKh\]S:VXQa[]|V G JfeUqS]_XV^QRfW<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< w.C
MS< t  k JeUqV^QR[:|hV G Jx]QZ| k U¿cd_X<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< wz
MS< M 4[S]\&1 Qa[ b _`f G JeKJ/ÄY k V G JJQRWY4[]UWTIJLdS]UWVXQZY4[Y<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< wLy
Z\[ 
Á¿]I    + ]-·  :.-  +  0^(
G=<Zw OdYqTa4QR[:|hV G JV k Uq[]_`\{Y k VgJL4S{UWV^QaYA[ <@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< u]w
G=< u 4 \ k Y4\{Y4_XUqT6ÄY k (c:[]UAKQafAD pF <?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< uAu
G=< t p JeKhU k d_gYA[t  ( Ji:V^JL[]_^QaYA[T<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< uqt
U2_ 
  -½q,    
 ½e 0/
` 1  + $ 
]-  + /a(
b .dc - 4 SJ 7-eL    +    ]I   /"0
v<ZwQa_`fY4_^QaV°c._XYqTRS:V^QaYA[{_gYWV G JJQRWY4[]UWTIJLdS]UWVXQZY4[f<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< t4u
v< u G c:x k Q b KJV G Y b _<A<?<A<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< tqM
v< t 4 | k U b QaJe[4V _^QR[:|AS]TaU k QaV°c&¡feUq\:V`S k QR[:|x]Uq_XJ b UWTa|qY k QaV G K <?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< tgG
v< M 4 _XTaY 1-[:Je_`_gKUqVXf G QR[:|UWTa|qY k QaV G K <@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< tgG
v< G2DgQa| k U¿c V k UAfQR[:|h<A<?<A<?<A<?<?<A<?<@<?<A<?<?<A<?<A<?<A<?<?<@<?<A<?<A<?<?<A<?<A<?<@<?< tdC
i j lk. ®
m [U!\ k JedQZY4S]_B\]UA\{J k:n yo2U!KJeV G Y b dfUqTZTaJ bp DgQZ| p U¿c Fk UAfQR[:|dqNr%D pF!s UA[ b x]UA_^J b YA[ k U¿c!V k UqfQa[]|
UA[ btp S{\$1 QR[ b qvu6[:QaV^J b Q *#J k Je[{fQR[:|wr½Y k<p QaJeKhUA[][_XYqTa4QR[:| s YW:V G JlJeQaqYA[]UqTWJedS]UqV^QaYA[! 1gUq_<\ k Je_XJe[4VXJ b <
m V 1gUq_ b JL_^Qa|A[]J b V^Y fY4Kh\]S:V^JKS:TZVXQ ¡UWTRS:J b V k U¿AJT#V^QRKJAu{JT b _-fY k`k JL_X\6YA[ b Qa[:|V^Y G Qa| G  k JedS:Je[{fc
xKx%Çzy]{,|}LÓ
M   &X	]%:&"P
UA_^c:Kh\:VXYqV^QRf_YWV G J 1gU¿qJJL4S{UWV^QaYA[a< F G Qa_/K!S]TZVXQ ¡UWTRS:J b V k U¿AJT<VXQaKJ u{JT b QR_UqTa_XY d[:Y 1-[Uq_V G J
|AJY4KJeV k Qaf¸_XYqTRS:V^QaYA[YqV G JJQRWY4[]UWTIJLdS]UWVXQZY4[ n w¿z.o< F G JfY4K\{S:VXUqV^QaYA[YWV G J|qJY4KJV k QRf/_XYqTRS:VXQZY4[
S{_^QR[:| b Q k JefVl_XYqTaqJe_BYW<V G JJeQaqYA[]UqT{JedS]UqV^QaYA[tr·Y k KJeV G Y b _lYqV G J k V G Uq[ p fTRUq_`_^QRfUqT q k U¿cV k UAfQR[:| s Qa_
feS k`k JL[AVXTZc UA[.UAfV^QaqJ k Je_XJeU k f G VXYA\:QRf<lO4JeJ n yo n Mo n Go n Co n uWyoUq[ b V G JeQ k k JÄJ k JL[]fJL_lY4[.V G QR_ _XS]x:mnJefV
UA[ b QZV`_-Uq\]\]TZQRfUqV^QaqJ¸QaKh\]UAfV]<
F G J¶Q b JeU+YW D pF 1gUq_ k YAS:| G TZc V^Y'S]_XJ V G J Qa[:ÄY k KUqV^QaYA[ Y4[ V G J |qJY4KJV k QRf_XYqTRS:V^QaYA[ r·Qa[
\ G Uq_XJ_X\{UqfJ s YWV G J!JeQaqYA[]UqT<JedS]UqV^QaYA[|qQaqJL[xAc_XVXUq[ b U k b k U¿cV k UqfQR[:|VXY b J,u2[:J!TaY:fUWT b YAKhUqQa[]_
r·Qa[ \ G c:_XQafeUWT_`\]UAfJ s _`S]\]\6Y k V^QR[:| b Q+*#J k Je[4V!x k Uq[]f G Je_¸YW V G J |qJeYAKJV k QRfh_^YATaS]V^QaYA[^< F G Je[ Ji:fJe\:V
ÄY k pXb Je|qJL[:J k UWVXJ]q_^QaVXS]UqV^QaYA[]_!fY k`k Je_`\{Y4[ b QR[:|VXYV G J\ k JL_^JL[]fJhYq feUqS]_XV^QRfh\{YAQa[4V`_r·U feUqS]_XV^QRfhfUA[
x6J b J,u6[:J b _XQaKh\:Tac Uq_UTZY:feS]_ 1 G J k J V G J k U¿cd_YW-V G J.|qJeYAKJV k QRfUqTBYA\]V^QRf_ G U¿qJ.UA[ Je[4qJeTZY4\{J s 
V G J-TaY:fUWT p dQR_XfYA_XQZV°cq¸_^YATaS]V^QaYA[]_AfYAKh\]S:VXJ b S]_XQa[]|!U_XS]QZV`Uqx:TaJ p S{\$1 QR[ b q?u6[:QaV^J b Q+*#J k Je[]fJ_Xf G JeKJ
1gUq_Q b Je[4VXQ u{J b UA_V G J fY kXk JefVTaY:fUqTdKQR[:QRKUÄY k V G JgYA\:VXQaKhUqT]fYA[4V k YATd\ k Y4x:TZJLK r "6J k KUqV\ k QR[]fQa\:TaJ s
fY k`k JL_X\6YA[ b Qa[]|!V G JV G J  UqKQZTaV^Y4[AUAfYAx]QIJedS]UWVXQZY4[r·JQRWY4[]UWT#JedS]UqV^QaYA[ s <
F G QR_ k Je\6Y k V G UA_ V1lY _XJe\{U k UWV^J\]U k V]< F G Jwu k _XV-\]U k V QR_-V1®YWÄYAT b "Q k _XV' 1lJ G U¿qJUV G JY k JVXQ 
feUWT b QR_XfeS]_X_XQaYA[QR[ 1 G QRf G 1®JhU b]b k Je_`_-V G J\ k YAx:TaJeK%YWlV G JL_^J pXb Je|qJL[:J k UWVXJ]qfUA_^JL_UA[ b \ k Y4\{Y4_^J!U
fY k`k JLfVXJ b D pF UqTZ|AY k QZV G K x]UA_^J b YA[V G J!|AJYAKJeV k QafeUWT<V G JY k cYW b Q+* k UqfV^QaYA[ n u:w o n uqto#< F G J!KY#
b Q u{J b UWTa|qY k QaV G K fUA[ G Uq[ b TZJ k JO{JefV^QaYA[x6YqV G YA[ feUqS]_XV^QRf_-UA[ b _`fUqV^J k`k Qa[:|x6YAS][ b U k QZJL_<OdJefY4[ b 
1®J b JeVXUqQZT®V G J[dS]KJ k QafeUWTBQRKh\:TZJLKJe[4VXUqV^QaYA[ Yq-V G J.KJeV G Y b < 6 JUWTR_^Y b JL_Xf k QRx6J G Y 1 UqKh\:TaQZV`S b J
fYAKh\]S:V`UWVXQZY4[]_ fY4S:T b x6JU b]b J b V^YhV G QR_-KJV G Y b < 4 [dS]KJ k QafeUWTIVXJe_XV-\ k Y4x:TaJeK QR_-_XYqTaqJ b <









m [.V G QR_ _XJefVXQZY4[51®J k JdQaJ'1 V G J\ k Y4x:TaJeK YWV G JK!S]TZVXQ ¡UWTRS:J b V k U¿qJT2V^QRKJfYAKh\]S]VXUWVXQZY4[]_®Uq[ b V G J
KhUqV G JLKUqV^QRfUqT<x]Uqf	4| k YAS{[ b S][ b J k TZcdQR[:|PD pF <
 ! #"$&%('*),+.-/ #0213%4) #57698;:<"=)20>%( #5@?:A+B CD)E!FG1:H%4) I5
Fk U¿qJT r½Y k U kXk Qa¿UqT s V^QRKJe_/YWY4\:V^QRfUqT#JeTaUA_^VXQafY k UqfYAS]_XV^QRf G QZ| G  k JedS:Je[{fc 1®U¿AJe_U k JfTRUq_`_XQafeUWTaTZc
fYAKh\]S:VXJ b S]_XQa[]| k U¿cV k UqfQa[]| n wqw,o< p U¿c:_¸U k J p _ G YqV q  k YAK U_^Y4S k fJ\6YqQR[4VQa[ UqTZT b Q k JefVXQZY4[]_¸Y k
 k YAK%Uh|qQaqJL[_XS k ½UAfJQR[ \ G UA_^J_`\]UqfJ r·U.\:TaUA[:J 1gU¿qJ¸ÄY k Qa[{_^V`Uq[]fJ s < 6 U¿qJ k Y4[4VX_?r>fYA[4VXYAS k TaQR[:Je_
YqIV G JV k U¿qJT6V^QRKJ s \ k Y4\]UW|4UWV^J-UqTZY4[:|V G J k U¿cd_]< F G Je_XJ\]UqV G _!r½V G J k U¿cd_ s U k J Y4x:VXUqQa[:J b x4c_XYqTadQa[]|
U_XJV YqY k b Qa[{U k c b Q *#J k Je[4VXQaUqT<JedS]UqV^QaYA[]_  V G J k U¿c JL4S{UWV^QaYA[{_< Fk U¿qJeTIV^QRKJL_-UWTaYA[]|V G J k U¿c:_ U k J
|AQZAJe[¶x4c Qa[4VXJ| k UWVXQa[]|V G J _^TaY 1-[:JL_X_¸QR[ b JiTZY:feUWTaTZcf G U k UqfVXJ k QKJeQa[]|V G J KJ b QRS]K < m [¶V G J feUq_XJYq
G JV^J k YA|qJL[:JY4S]_-_`KYdYAV G _XTZY 1-[]Je_`_-KJ b QRU7 k U¿cd_KU¿cf k YA_`_UA[ b KS:TZVXQa\]TZJV k U¿qJTV^QRKJe_/fUq[ YdfefS k
UqV V G JeQ k Qa[4V^J k _XJefV^QaYA[Uq_Uq_`_^Y:fQRUWVXJ b 1®U¿AJ/ k Y4[AV`_gQa[4VXJ k UqfV]< F G QR_KS:TaV^Q+>UWTRS:J b _XYqTRS:VXQZY4[QR_-feUWTaTZJ b





F G J k U¿c:_ "r s U k J/_XYqTRS:VXQZY4[YqV G J  UAKQaTaV^YA[]QaUA[_Xc:_^VXJeK  	   
 r  s  
   r s  r  s
r^w s
UqTa_XYd[:Y 1-[ Uq_V G J k U¿cJedS]UWVXQZY4[]_]< F G JhqJTaY:fQaV°cr·_XV k QafV^Tac\{Y4_^QaV^QaqJ s QR_¸[:YqVXJ b  UA[ b w  QR_¸V G J_XTaY 1-[:Je_`_<)6 J-UA_X_`S]KJgV G]k YAS:| G YAS]VV G Qa_\{Uq\6J k V G UWV  Qa_fYA[4V^QR[dS:YAS]_S]\VXY/QaVX__XJefYA[ bb J k QaUWV^QaqJL_<F G J/_Xc:_^VXJeK r^w s K!S]_XV®x6J_XS{\]\:TaJeKJe[4V^J b 1 QaV G Qa[]QZVXQaUqT<fYA[ b QZVXQZY4[]_]< 4 \6YA\]S:TRU k 1gU¿chYWfYAKh\]S:VXQa[:|
V G J|AJYAKJeV k Qaf¸_XYqTRS:V^QaYA[Uq_`_XYdfQaUqV^J b VXY Uq[QR_^YAV k YA\:QRf_^Y4S k fJ\{YAQa[4VQR_-V^Y _XYqTaqJrXw s 1 QaV G QR[:QaV^QRUWT
fYA[ b QZVXQZY4[]_     r$F s 
   rF s 
 r ! #" r$ s&% "('*) r$ s s r>u s
1 G J k JJLUqf G $QR[ n F % u+ n b Ju6[:Je_ U k U¿c5< F G QR_gQa_gfUqTZTaJ b k U¿cV k UAfQR[:|< Fk U¿AJT2V^QRKJUWTaYA[:|V G J k U¿chQa_
|AQZAJe[x4c ,
r "r s s 
.-/ w r  r " s s  " r·t s1 G J k J " Qa_ V G JfS k dQaTZQR[:JeU k Uqx]_`fQR_X_`U=<
F G J k JU k JUWV¸TZJLUq_XVV1®Y 1®U¿c:_/YW@rÄÄY k KhUWTaTZc s b J k Qa4QR[:|V G JhJL4S{UWV^QaYA[{_Yql|AJYAKJeV k QafeUWTYA\:VXQafe_<
6¶J u k _XV_XVXU k V! k Y4K V G J "{J k KhUWV\ k Qa[]fQa\]TZJd< m VQa_hS]_`S]UqTZTac¶ÄY k K!S:TRUWVXJ b UA_U p KQa[]QaKS]K V k U¿qJT
VXQaKJ.q\ k Y4x:TZJLK  k YAK Uh\6YqQR[AV10 VXYhU\6YqQR[AV2< F G J¸V k U¿qJeT2VXQaKJQR_g|qQaqJL[.Uq_gV G JQR[Vu6K!S{K YWV G J
½S{[]fVXQZY4[]UWT 3
n  go 
.-45 w r  r " ss  " r½M sYAJ k UWTaTV G J_XKYdYqV G r>[:YqVXQZY4[VXYx6J b J,u6[]J b \ k JLfQR_^JeTZc s \]UWV G _6 |qYAQa[:|. k Y4K70 V^Y82 r1lJ k JefUqTZT
V G UWV  Qa_V G J qJeTZY:fQZV°c$:w9  Qa_V G J-_XTZY 1-[:JL_X_Uq[ b " QR_V G J-fS k dQZTaQa[]JeU k Uqx{_XfQa_`_XU s < F G Qa_Y4\:V^QRKQKJLUWVXQZY4[\ k Y4x:TZJLK fUq[x{Jh_^JeVQR[ V G J k UqKJ'1®Y k YWBV G JfeUWTRfS:TRS]_YWBU k QaUqV^QaYA[ n tqto<.(Q+*#J k Je[4VJLdS:QZUqTZJL[AV
ÄY k Kh_fUA[x6JgYAx:V`UWQR[:J b ÄY k V G J  UqKQaTZVXYA[:QRUq[ b JL\{JL[ b QR[:|¸YA[VXQaKJ-\]U k UAKJV^J k Q JeUqV^QaYA[r1 G QRf G KS]_^V
[]YqV x{JfYA[d½S{_^J b 1 QaV G V k U¿AJT#V^QRKJ s YWV G J\]UWV G _:  < 6 JV`UqWJ ; r %  s 
 wu r    r s=< w s rG s
1 G J k J> 
@?8A !B C Uq[ b  QR_YW{V G J _XUAKJ b QRKJe[]_XQZY4[ r   Qa_V^Y¸x6J®S][ b J k _^VXYdY b Uq_V G J _`fUqTaU k \ k Y b S]fVYq  1 QaV G QaVX_XJTZ s < F G Je[V G J  UqKQZTaV^Y4[:QRUq[_^c:_XV^JLK f G U k UqfV^J k Q JQR[:|_XVXUqV^QaYA[]U k c r·Y k f k QaV^QRfUqT s \]UqV G _QR_g|qQaqJL[x4c rXw s UA[ b V G JV k U¿AJT#V^QRKJ , QR_-Uh_^YATaS]V^QaYA[YWV G J  UAKQZTaV^Y4[ 4UqfYAx:QIJLdS]UWVXQZY4[ ; r %& , r ss 
 FED r$C s
6¶J b QR_XfeS]_`_gV G J_XJe[]_XJ¸V^Yx6J|qQaqJe[V^YV G J_XYqTRS:V^QaYA[YWV G QR_ JedS]UqV^QaYA[Qa[V G J[:Ji:V-_`S]x]_XJefV^QaYA[^<
xKx%Çzy]{,|}LÓ
C   &X	]%:&"P
2YqV^JV G UqVV k U¿qJT:VXQaKJ-QR_BUAfVXS{UWTaTZcf G U k UqfV^J k Q JJ b x4c_XVXUWVXQZY4[]U k c!\]UqV G _Uq[ b [:YAVBxAcKQa[:QRKhU_XY
V G UWVV G JUqx6YqJ¸ÄY k KS:TaUqV^QaYA[YqV G J "6J k KhUWV\ k QR[]fQR\:TaJQR__XYAKJ'1 G UWVUAx]S]_XQZAJ5<O4V`UWV^QaYA[{U k c\]UqV G _
feUq[ x6JhKU b J!YqKQa[:QRKhUx{S:V/UqTa_XY.\6Y k V^QaYA[]_YWKQR[:QRKU_^JL\]U k UWVXJ b x4cfY4[¿m^S:|4UWV^J\{YAQa[4VX_]<."{Y k  
VXY k JeUqTZQ JJ/U r·\6YA_`_XQax:TacTaYdfeUWT s KQR[:QaKS]K YWV G QR_g\ k Y4x:TaJeK dYA[:J/K!S]_XV®f G Jef	V G UqVlV G J k U¿c b YdJe_®[:YqV
|AY V G{k Y4S:| G UfYA[m^S:|AUqV^J\6YqQR[4Vx6JÄY k JQZV k JLUqf G JL_2 r n tqto s < m VKJeUA[]_V G UqVV G JdS]U b k UqV^QRf¸ÄY k K
UA_X_XY:fQRUWVXJ b VXYV G J_XJefYA[ b U k QaUqV^QaYA[.YWV G JfYA_XVl½S{[]fVXQZY4[r½M s QR_-[:Y4[¡[]J|AUqV^QaqJd< F G Qa_ b Je|qJL[:J k UWVXJ
feUq_XJ-QR_ b QR_`fS]_`_^J b Qa[ n yo n u5Go 1 G J k JfUqS{_^VXQaf\{YAQa[4VX_®U k J-Q b Je[4VXQ u{J b Uq_®fY4[¿m^S:|4UWV^J\{YAQa[4VX_]< 6 J/fY4KJ
x{Uqf	hYA[V G UWV-\6YqQR[4V®QR[_^JLfVXQZY4[t<
4[:YqV G J k 1gU¿cV^Y¸V G J JQRWY4[]UWTdJedS]UqV^QaYA[Qa_VXYUq_`_XS{KJgV G UWVV G J-_^YATaS:VXQZY4[ Yq2V G J k J b S]fJ b 1®U¿AJ
JLdS]UWVXQZY4[       
 F r¡z s
G Uq_gV G J¸ÄY k K YWUh\]U k V^QRfS:TRU k UA[]_XUqV,J
 7r s 
 	
   0  r sr '  s  r·v s
1 G J k J QR_/V G J k JedS:Je[{fc
,
k JL\ k Je_XJe[4VX_V G J\ G Uq_XJ!YW®V G Jh_XYqTRS:V^QaYA[ Uq[ b V G J_`S]K YWV G J_^J k QaJe_
r 0  s V G JUqKh\:TaQZV`S b Jd< 6 JfUA[ k Je\]TaUAfJ  xAcV G QR_-Uq[]_`UWV2JQR[V G J 1gU¿qJ/JedS]UWVXQZY4[.UA[ b Ji]\]Uq[ b V G Qa_
Ji]\ k JL_X_XQaYA[hQR[.\6Y 1lJ k _lYW <®4S{UWV^QR[:|V^YXFV G JVXJ k K_gfY k`k JL_X\6YA[ b Qa[:|!V^Y!V G J@u k _^VlV1lYh\{Y 1®J k _BYq |qQaqJL_    , r s   
 w r s  r·y s
u @ , r s D @ 0 r s   , r s 0=gr s 
 F rXw]F s
d[:Y 1-[ k Je_`\{JLfV^QaqJeTZc¶Uq_¸V G J JQRWY4[]UWTvr>_XUAKJ Uq_Pr$C s s UA[ b V k Uq[]_`\6Y k V/JLdS]UWVXQZY4[]_< F G JQ k _XYqTRS:V^QaYA[]_
U k JS]_XJ b QR[ V G JUq[]_`UWV2J r·v s VXY|AQZAJUq[Uq\]\ k Y¿i:QaKhUqV^JUA_^c:Kh\:VXYqV^QRf r½ÄY k TaU k |AJ s _^YATaS]V^QaYA[YqV G J
1gU¿qJ¸JL4S{UWV^QaYA[a< F G J k U¿c JL4S{UWV^QaYA[{_-fUA[UW|AUqQa[x6J b J k QaqJ b  k YAK r·y s < (JeVXUWQaTR_ YA[V G Qa_Uq\]\ k Y4Uqf G
feUq[x{J¸ÄY4S][ b Qa[Uq[4c \ G c:_^QRf_gKYA[]Yq| k Uq\ G k JedQZJ1 Qa[:||qJeYAKJV k QRfUqT6Y4\:V^QRf_]< m VgQa_ 1®JTaTId[:Y 1-[.V G UWV
|AJY4KJeV k QafeUWTY4\:V^QRf_½UWQaTa_U k YAS][ b feUqS]_XV^QRf_]< m V½UWQaTa_!Qa[ V G J_XJe[{_^JV G UWV[:JeU k fUAS]_^VXQaf.\{YAQa[4VX_!V G J
UAKh\:TZQaVXS b J¸|qQaqJe[x4c r^w.F s x:TaY 1-_®S{\^< F G QR_gQa_ fTZY4_^JeTZc k JTRUWVXJ b V^YhV G J[]YqV^QaYA[.YWfY4[¿m^S:|AUqV^J¸\{YAQa[4V`_<
4 KY b Q u{J b V G JeY k c¶feUWTaTZJ b %JYAKJeV k QafeUWT F G JY k cYq (Q+* k UqfV^QaYA[ n uFo n uWtogx]Uq_XJ b Y4[ U b Q+*2J k JL[AV
UA[]_`UWV,J®QR_S][:QZÄY k KTacUWTaQ b U k Y4S][ b fUqS{_^VXQafe_< 6 J k JdQaJ'1 UA[ b S{_^J \]U k VYW2V G QR_V G JY k cQR[_XJefV^QaYA[t=<
2YqV^J!u6[]UqTZTachV G UqV®U k Qa|qY k YAS{_BKhUWV G JeKhUWVXQafeUWT b J k QZUqV^QaYA[hYW<V G QR_®UA_^c:Kh\:VXYqV^QRf-KY b JT7r·x{Uq_XJ b Y4[
U 6 Qa|A[:J k V k Uq[]_^ÄY k K VXJef G [:QRdS:J s feUq[x{J¸ÄY4S][ b QR[ n w]Co#<
   )2- +B #- )>%-/ #0,1%4) #5D- :<5! 0 3+B:A0E"$)25 )2" :
4 qYATaS]KQR[:YAS{_TaQZVXJ k UWV`S k J!Qa_/U¿UWQaTaUAx:TZJ!YA[V G J k JTRUWVXQZY4[]_x6JV1®JJL[YA\]V^QRKUqTfYA[4V k YqT\ k YAx:TaJeK Uq[ b





6¶J k JLfUWTaTV G UqV¸YAS k |qY4UWTQR_VXY b Q k JefV^Tac b QR_Xf k JeV^Q JJhU\{U k V^QRfS:TRU k  UAKQaTaV^YA[/ 4UqfYAx:QJedS]UqV^QaYA[!
V G JJQRWY4[]UWT#JL4S{UWV^QaYA[    , r s   
 w r s  rXwqw s
1 G J k J  b Je[:YAV^JL_lV G J¸_X\6JJ b YqÁV G J¸KJ b QRS]K UA[ b , V G J¸V k U¿AJT2V^QRKJd< m [ V G J G c:\6J k x{YATZQRfJedS]UWVXQZY4[VXJ k KQa[:YATZYA|qc$ k U¿c:_-U k J!V G Jf G U k UAfVXJ k Qa_XV^QRf_ YqV G Qa_JedS]UqV^QaYA[^<  TaUA_X_XQRfUWT_^YATaS]V^QaYA[]_fUq[ |qJe[]J k UWTaTZc
x6J b Ju6[:J b Y4[:TZc.Qa[Uh[:JQa| G x6Y k`G YdY b YqV G J_^Y4S k fJ5< - Y k J\ k JefQa_XJTac]S{\VXYhV G J7JeYA[:J 1 G J k J k U¿c:_
f k Y4_X_]< F G QR_QR_x6JefeUqS]_XJV G J.V k U¿qJTVXQaKJ.x6JefYAKJe_K!S:TaV^Q+¡¿UqTaS]J b 1 G Je[ k U¿cf k Y4_X_]< m VQR_!UqT+1gU¿c:_
\6YA_`_XQax:TaJV^Y b J,u2[:JU _XQa[]|qTaJUWTRS:J b |AJe[:J k UqTZQ JJ b _^YATaS]V^QaYA[ feUWTaTZJ b V G JdQa_`fY4_^QaV°c _^YATaS:VXQZY4[^< F G Qa_
_XYqTRS:VXQZY4[]_ k JeKhUqQa[]_®fY4[4V^QR[4S]YAS]_®x]S:VgQaVX_®| k U b QaJe[4V®KU¿cx6J b Qa_`fY4[4V^QR[4S]YAS]_]< F G JTaY:fS]_®YWV G JL_^J¸_^QR[
|4S:TRU k QZVXQZJL_ U k JV G J  UqKQaTZVXYA[AUAfY4x:Q<fY4S][4V^J k \]U k V`_gYWB_ G Ydf	d_®ÄY kG c:\{J k x6YqTaQaffYA[]_XJ k UWVXQZY4[.TRU 1-_<
OdVXUqx]TZJS]\&1 Qa[ b [dS]KJ k QRfUqTu6[:QaV^J b Q+*2J k JL[]fJ_Xf G JLKJe_!U k J4[]Y 1-[ V^YfYA[4qJ k |AJV^Y V G J.dQR_XfYA_XQZV°c
_XYqTRS:VXQZY4[^< m V Qa_ V G J k JÄY k J/V G J_^YATaS:VXQZY4[ 1 G Qaf G fUA[x6JfY4Kh\]S:V^J b S]_^QR[:|hV G JQRWYA[{UWT#JedS]UqV^QaYA[^<
F G JÄYATZTaY 1 Qa[]| k Je_`S:TaVXr½ k Y4K n t{w o s QR_UxAc&°\ k Y b S]fV/YW®V G JeY k JeKh_.1 G Qaf G fUA[x6JÄYAS][ b QR[ n z.o
r>_^JeJ.UWTR_XY n uAu.o s <6 JU k JQa[4VXJ k Je_XV^J b QR[ V G J.dQa_`fY4_^QaV°c _XYqTRS:VXQZY4[ YW?r·y s ÄY k  ?  Utu]i:J b Y4\{JL[b YAKhUWQR[^<6 J/_XS]\{\:TZJLKJe[4VV G Qa_lJedS]UqV^QaYA[ 1 QaV G (/Q k QRf G TZJeVlx6YAS][ b U k cfYA[ b QZVXQZY4[]_<6¶J 1 QaTZT2_X\:TaQaV  QR[V1lYh\]U k V`_wr	   
 
 s Uq[ b 1®J b J,u6[]JV G Jx6YAS][ b U k c fY4[ b QaV^QaYA[]_,
r s 
  %  ?  rXwLu s,
r s 
 r s %  ?  rXwet s
F G Je_XJ¸fYA[ b QZVXQZY4[]_ 1 QZTaTÁx6J b QR_XfeS]_X_XJ b UWV V G JJe[ b YqV G J_^JLfVXQZY4[^<
2Y 1
,
V G J dQa_`fY4_^QaV°c _XYqTRS:V^QaYA['QR_V G J UWTRS:J½S][{fV^QaYA['YqV G JÄYATZTaY 1 QR[:| Ji:QZV >VXQaKJ Y4\:V^QRKhUWT
fYA[4V k YqTI\ k YAx]TZJLK :TaJV1   x6JV G J_XUqV^J¸YWV G JfYA[4V k YqTaTaJ b.b cd[{UqKQafeUWT<_Xc:_^VXJeK       
 < r s&%  F   rF s 
  rXwM s
1 G J k J  V G JfYA[4V k YAT#feUq[x{JV`UqqJe[Qa[0 
     !B C    r s  w %  F D
F G J¸fYA_XVg½S][]fV^QaYA[Qa_g|AQZAJe[x4c 3
r %!5s 
 -#" w r   r ss    r   r%$ ss rXw.G s
1 G J k J&$ b JL[:YqVXJe_gV G JAu k _XVgJi:QaV V^QRKJYq   <Q< Jd<$ 
(' '*) )4F =   r s ?     
xKx%Çzy]{,|}LÓ
v   &X	]%:&"P
UA[ b u6[]UWTaTac.V G J4QR_`fYA_XQaV°c _^YATaS:VXQZY4[.Yqr>y s r^wLt s rXwLu s QR_g|qQaqJL[x4c ,
r s 
 Qa[:  3 r % 5s D rXw]C s
2YqVXJV G UWVUA[Ac+_XKYdYqV G \]UqV G    r " s QR[   _`S]f G V G UWV    r$F s 
  UA[ b \]U k UqKJVXJ k QKJeJ b 1 QaV G QaVX_feS k 4QaTaQa[:JLU k Uqx{_XfQa_`_XU " fY k`k JL_X\6YA[ b _VXYUA[ U b KQa_`_XQax:TaJfY4[AV k YAT  
       " <  Y4[4qJ k _XJTacI|qQaqJL[UA[4c'U b KQa_`_XQax:TaJ fYA[4V k YqT  r s V G J¶fYA[]_XV k UWQR[4V   r s   w QaKh\:TaQZJL_V G UqVU+fS k dQZTaQa[]JeU k p VXQaKJ]q\{U k UqKJVXJ k QKJLUWV^QaYA[ YW/V G J UA_X_XY:fQRUWV^J b _XVXUqV^Jr·\{UWV G"s    |qQaqJL_Uq[+YA\:VXQaKhUWTfYA_XVtr^wG s < 6¶J G U¿AJ
QR[ b JeJ b -#" w r   r s s
  r s     r   r%$ s s
 -#" w r   r s s    r   r $ s s D rXw¿z sOdY,]UÄVXJ k V G Jf G Uq[]|qJ¸YW¿U k QRUqx]TZJ/ÄY k V G JfS k dQaTZQR[:JeU k Uqx]_`fQR_X_`U
" r s 









  r s   lUA[ b-  w r  r " ss  "   r  r s s
 - " w r   r s s    r   r%$ ss rXwev s
1 G J k J  r " r s s 
    r s Uq[ b  
 " r $ s < F G QR_ _ G Y 1-_h\ k JefQR_XJTac V G UqV'lÄY k Uq[4c fYA[4V k YqT  V G JfeS k 4QaTaQa[:JLU k p VXQaKJ.q\{U k UqKJVXJ k QKJLUWV^QaYA[.YWV G JUA_X_XY:fQRUWV^J b _XVXUqV^JPr·\{UWV G"s    Qa_ Y4\:V^QRKhUWTzrXw.G s <
F G JY4\:V^QRKhUWT-fYA[4V k YqT \ k YAx:TaJeK r^w]C s feUq[+V G J k JÄY k Jx{J k JÄY k K!S]TaUqV^J b Uq_hV G J KQa[:QRKQKJLUWVXQZY4[
Yq?r^w.G s r 1 QaV G f G Y4_^JL[¶V^Y x6J.V G J.fS k dQZTaQR[:JeU k Uqx]_`fQR_X_`U s YAJ k UqTZT_`KYdYqV G \{UWV G  k YAK  VXY V G J




  r  s rXwey s
1 G J k J
 r  s 
 -  w r  r " ss  "   r  r ss r¡uF sUA[ b
 
     o F % Ko    9  r$F s 
  ?    %  "r s ?     r¡u:w s
"6Y k V^JLf G [:QRfUWT k JeUA_^Y4[]_'#QaV 1 QaTaTBx{JhKY k JfYA[4qJL[:QZJL[4VV^YfY4[]_XQ b J k Ux]UAf	$1gU k b \]U k UAKJeV^J k Q JeUqV^QaYA[
r  r " s 
   r < " s s <_^YV G UWV?r>u]w s x6JefYAKJe_
  
     n F %  n    9  r s 
  %   rF s ?     r¡uqu s
UA[ b r>uF s
 r  s 





6¶Jl[:Y 1 QR[4V^J k \ k JVIQR[V^J k Kh_ÁYW k U¿c:_IV G JBY4\:V^QRKhUWTA\{UWV G _ÁYqdV G JUAx{YAJYA\:VXQaKhUWT4fY4[AV k YATq\ k YAx:TaJeK <
6¶J K!S]_XVWJJL\!QR[!KQR[ b V G UqVV G JgV k U¿qJeT4VXQaKJL_UqTZY4[:| k U¿c:_fYA[{_^VXQZV`S:V^JgV G J®|AJY4KJeV k Qafl_^YATaS]V^QaYA[^<6 J
V G J k JÄY k J-S{_^JV G J-Y4\:V^QRKhUWT#fY4[AV k YAT]QR[AVXJ k \ k JVXUqV^QaYA[V^Y!Q b JL[4V^QZÄcV G JdQR_XfYA_XQZV°c_^YATaS]V^QaYA[Uq_ b Q+*2J k JL[AV
x k UA[]f G Je_®YqV G J|qJeYAKJV k QRf_XYqTRS:VXQZY4[^<
w5< 6 J fYA[]_XQ b J k Ux6YAS][ b J b YA\6Je[ b YAKhUqQa[   _`S]f G V G UqV  ?    < 6¶J _^JeV  
    Uq[ b 
         d<BUA[ b V`UqqJ  r s 
 FQR[ rXwet s ]_XJJ@u{|AS k JPr^w s < 6 QaV G V G Qa_-\{U k V^QRfS:TRU k f G YAQafJUq[ b QR[ dQZJ1 Yq V G J fYA_XV½S][]fV^QaYA[4r>u5F s UA[Ac YA\:VXQaKhUqT\]UWV G Qa_!fYA[{_^V k UqQa[:J b V^Y _XVXU k V¸ k YAK
\{YAQa[4V15< F G J¸Y4\:V^QRKhUWTÁfYA[4V k YqT#QR_ |qQaqJL[.x4crXwey s r¡uF s 1 QaV G
  
     n F %  n    9  r s 
  %  "rF s 
   r¡uM s
6 J[:Y 1 Uq_`_XS]KJV G UqVV G J k JhQa_¸U k U¿c_XYqTRS:V^QaYA[YW!rXw s <|qYAQa[:|. k Y4K   r½V G J_^Y4S k fJ\6YqQR[4V s
V^Y   k JLKUqQa[]Qa[:| _XV k QRfV^TacQa[   Uq[ b k JLUWTaQKJeQa[:| U.KQR[:QRK!S]K%V k U¿AJT<VXQaKJ 1 QaV Gk Je_`\6JefVV^Y.UqTZT\]UWV G _ k YAK VXY  k JeKhUWQR[:QR[:| _^V k QRfVXTZc QR[   < F G QR_ k U¿c QR_V G J\]UWV G _XYqTRS:VXQZY4[9r½Ji:QZVXQa[:|UWV  s YWV G J!Y4\:V^QRKhUWTfYA[4V k YATÁ\ k YAx:TaJeK%Uq[ b , r s QR_V G JKQR[:QaKS]K%V k U¿qJeT<V^QRKJ k YAK%V G J
_^Y4S k fJ6¸VXYY4S:VgYW\{YAV^JL[AVXQaUqT k U¿c:_l k YAK 5<  Y4[AAJ k _^JeTZcUA[AcY4\:V^QRKhUWTÁ\{UWV Gk JeUWTaQ JQR[:|U
KQa[:QRK!S{K ÄY k V G J/fYA_XV½S][{fV^QaYA[.Qa_®U!_XVXUqV^QaYA[]U k c\{YAQa[4VÄY k V G J "{J k KhUWV®\ k QR[]fQa\:TaJ r·M s rÄ k YAKgVXY  s < m VQR_V G J k JÄY k J®U k U¿cUq[ b V G J dQR_XfYA_XQZV°c_XYqTRS:VXQZY4[!cdQaJT b _UV k U¿AJTdV^QRKJ5<lDgJefeUqS]_XJlYq
V G Jx6YAS{[ b J b [:Je_`_ YW   V G JQR[Vu6KS]K KhU¿c.[:YAV-x{J k JeUqTZQ JJ b x4c.U\{UWV G < F G Qa_ 1lY4S:T b x6JV G JfUA_^JgÄY k Ji]UqKh\:TaJ QZIUKQR[:QRKQ JQR[:|_XJedS:JL[]fJ YqI\{UWV G VXJe[ b _V^Y_XYAKJ-\]U k V`_YW#V G Jx{Y4S][ b U k c   < F G J k J/U k J$dYWfYAS k _XJd[:YhYA\:VXQaKhUWTI\]UqV G V^Yx6J/QR[4V^J k \ k JVXJ b Uq_gU k U¿chQR[.V G Qa_ _XQaVXS]UqV^QaYA[^<
u< 6 J¸[:Y 1 V k JLUWV®V G J¸fUA_^J 1 G J k J QR_®[:YqV k J b S]fJ b VXYU\{YAQa[4Vgx]S:V®Qa_lÄY k QR[]_^V`Uq[]fJU\]U k VYq
V G Jx6YAS{[ b U k c    < F G J¸YA\]V^QRKUqTÁfY4[4V k YqT#Qa_-|qQaqJe[x4cr^wLy s r>u5F s 1 QaV G
  
    n F %  n      r s 
  %   r$F s ?   r¡u5G s
F G J/4QR_`fYA_XQaV°c_XYqTRS:V^QaYA[.UWV> 1 QaTZT2V G JL[ |AQZAJV G J/KQR[:QaKS]K V k U¿qJeT{VXQaKJ b J,u6[:J b x4ctr½M s \:TRS]_
V G JhQR[:QaV^QRUWTUWTRS:J  r s r>Uq_/QR[ rXw.G ss Y4S:V/YWl\]UqV G _ k YAK <U\{YAQa[4V/YW   IVXY8< m   Qa_b J,u2[:J b Uq_V G JV k UqfJ!Y4[ YqV k U¿qJeTÁV^QRKJe_¸_`\{JLfQ u{J b xAc k U¿c:__ G YqV k YAK U._XYAS k fJ\6YqQR[AV  YAS:V`_^Q b J   <_^JeJ?u{|AS k J r>u s < F G J!YA\]V^QRKUqT\]UWV G _ 1 QaTaTx6JV G JhfYA[4VXQa[dS]UqV^QaYA[]_YWBV G J k U¿c:_ k Y4KrV G J_XYAS k fJ \6YqQR[AV`_   Uq[ b Je[4VXJ k Qa[:|   V G{k Y4S:| G a<Bo/[:J-fUA[UAfV`S]UWTaTZcf G Jef	V G UqVBV G Jk JL_^V k QRfVXQZY4[hYW k U¿c:_'$1 G Qaf G U k J|qTaYAx]UqT6_XVXUWVXQZY4[]U k c\6YqQR[4VBÄY k V G J "{J k KhUqVl\ k Qa[{fQR\:TZJ rÄ k YAK  
V^YÄY k Ji]UAK\]TZJ s #V^YV G J b YAKhUWQR[   _`UWVXQa_^ÄcV G JV k Uq[]_XqJ k _`UWTaQZV°cfYA[ b QZVXQZY4[]_wr n wLyo s Y4[ V G J!Qa[:QaV^QRUWT_XS k ½UqfJUq[ b U k J¸V G J k JÄY k J¸_XVXUqV^QaYA[]U k cYqf k QaV^QRfUqT<\]UWV G _gÄY k r>uF s < m  1®J½S k V G J k
Uq_`_XS{KJV G J k Je_XV k QRfV^J b k U¿c:_U k JKQR[:QRKU r·Uq_V G QR_ 1 QaTaT2\ k JefQa_XJTacx6J-V G JfeUq_XJ Qa[ _XJefV^QaYA[ht=< u s
V G JL[V G JdQa_`fY4_^QaV°c_XYqTRS:VXQZY4[h|qQaqJe_BV G J-V k U¿AJT]VXQaKJ/_X\6JefQ u{J b x4c k U¿c:__ G YqV k YAK V G J/_^Y4S k fJ5<
2YqV^JV G UWVV G J k Je_`S:TaVYqV G Qa_h_XJefVXQZY4[ G YAT b _ 1 QaV G fY4[4V^QR[4S]QZV°c G c:\{YAV G JL_^QR_YA[  <  Y 1®JAJ k r>Uq_UqT k JeU b c KJe[4V^QaYA[:J b s QR[Vu6[:QaV^JJidQaV fY4_^V\ k YAx]TZJLK_hUA_\ k Y4\{Y4_^J b G J k JU k J_XVXS b QaJ b UA__^V`UWV^J
fYA[]_XV k UWQR[:J b YA\:VXQaKhUqT#fYA[4V k YqT#\ k YAx:TaJeKh_®QR[ n uWvo n tAu.or>_^JeJ/UqTa_XY n z.o s <lqJL[V G Y4S:| G V G J¸V G JY k JeV^QRfUWT
_XYqTRS:VXQZY4[ QR_ b QR_XfYA[4V^QR[dS:YAS{_UWV_XS{f G U x6YAS][ b U k cg[dS]KJ k QafeUWT-_XQaKS:TaUqV^QaYA[]_UA[ b UWTR_^Y V G JY k JeV^QRfUWT






"Qa|AS k J w  Fk U¿AJT<VXQaKJUqV\6YqQR[AV |AQZAJe[x4cV G J k U¿c  k YAK   r·_XYAS k fJ s KhUWVXf G Je_ V G J!dQR_XfYA_XQZV°c
_XYqTRS:VXQZY4[Qa[   1 QaV G 
  YA[    Ji]fJe\]V®UqV  1 G J k J 8







"Qa|AS k Ju  Fk U¿AJT<VXQaKJUqV\6YqQR[AV |AQZAJe[x4cV G J k U¿c  k YAK   r·_XYAS k fJ s KhUWVXf G Je_ V G J!dQR_XfYA_XQZV°c
_XYqTRS:VXQZY4[hQa[   1 QZV G  YA[ VXUqqJe[ UA_BV G JV k UAfJ-Yq<V k U¿qJeT{V^QRKJe_®|qQaqJL[x4c k U¿c:_QR[AVXJ k _^JLfVXQa[:| UA[ b  
  YA[ +Q­BV G Qa_ k U¿c k JeUWTaQ JJU.KQR[:QRK!S]K%V k U¿qJeT<V^QRKJ!Y4S:VYqUqTZT_XKYdYqV G \]UqV G  k YAK  V^Y QR[   1 QaV G QR[:QZVXQaUqTIV k U¿qJeTIV^QRKJ_`\6JefQ u{J b x4c  <
[dS]KJ k QRfUqT_XYqTRS:V^QaYA[fYA[4AJ k |qJe_-V^Y 1gU k b _-V G J_XYqTRS:VXQZY4[ YWBV G J (Q k Qaf G TaJV/\ k YAx:TaJeK 1 G J k J  1lY4S:T bx6J!|AQZAJe[Y4[ UWTaT   UA_V G JV k UAfJYq
,
b Ju6[:J b x4c rXw]C s Qa[   < F G QR_¸dS]Uq[4V^QaV°cfUq[x{JhfY4K\{S:V^J bUA[ b 1lJ 1 QaTZTÁS{_^JQaV Qa[_XJefV^QaYA[t=< u<
  D'*),5D+&)	D0,
D pF k JeTZQaJe_YA[ V G J ÄYqTaTaY 1 Qa[:| k JeKhU k QZTaTaS{_^V k UqV^J b QR[ u{|4S k Jt=<o/[:J.feUq[ _^JeJ._XQ­i k U¿c:_UA[ b V1®Y





r b Uq_ G J b TaQR[:J s < F 1®Y k U¿c:_ U k Jf k YA_`_^QR[:|UWV-\6YqQR[4V m |qQa4QR[:|hV1®Y b Q *#J k Je[4V V k U¿AJTIV^QRKJe_- k Y4K \6YqQR[AV
oX</6¶JUq_`_`S]KJ/V G UWVgV G JV1lY k U¿c:_:r·V G QRf	 TaQR[:Je_ s Qa[4V^J k _XJefV^QR[:|UWV m fY k`k Je_`\{Y4[ b VXY|ATZY4x]UWT<KQR[:QRKU
ÄY k r½M s 1 QZV Gk Je_`\6JefV VXY \]UWV G _ k Je_XV k QafV^J b V^YTaQaJQa[V G JQ k-k JL_X\6JefV^QaqJ b Y4KUqQa[{_ Uq[ b mnYqQR[:QR[:|Uq[ b m <
m [hV G QR_B_^QaVXS{UWV^QaYA[hV G J-dQR_XfYA_XQZV°c!_XYqTRS:VXQZY4[]_'4fY4K\{S:V^J b Qa[JeUAf G b YAKhUWQR[ 1 QZV G x6YAS][ b U k c!fY4[ b QaV^QaYA[]_








"Qa|AS k J!t  F 1®Y k U¿c:_-U k Jf k Y4_X_XQR[:| UWV m <Io/[:JcdQaJT b UPu k _^VU k`k QaUWT<VXQaKJ!UqVV G J!f k YA_`_^QR[:| m  k YAK
V G J_^Y4S k fJo 4V G JYqV G J k UTRUWV^J k U k`k QaUWT2V^QRKJd< 6¶J¸UA_X_`S]KJ/V G JV1®Y k U¿c:_lU k J/TaYdfeUWTIKQa[]QaKhUÄY k
V G JKQR[:QRK!S]K V k U¿qJeT]V^QRKJ\ k YAx]TZJLK r·M s < 6¶JUA_X_`S]KJ-V G UWVV G JV1®Y b Y4KhUWQR[]_ rr¡o 4 4  s >r¡o:D D  s
r>\:TRUWQR[ TZQR[:Je_ s UA[ b r¡o:D 4 s >Vr¡o:D  4  s r b Uq_ G J b TaQa[]J s s U k J _XS]f G V G UWVJLUqf G k U¿c 1 QaTZT®x{J.U|ATZY4x]UWT
KQR[:QRK!S]K QZV`_ b YAKhUqQa[^< F G JhdQR_XfYA_XQZV°c_XYqTRS:VXQZY4[]_/Qa[¶JeUAf G b YAKhUWQR[ 1 QaTaTB|qQaqJV G JV1®Y b Q+*2J k JL[AV
V k U¿AJT#V^QRKJe_-UqV m <
    '4 7 #-/ :A0 #'*)>%4 "
D UA_^J b Y4[.V G JQ b JeUYW_^JLfVXQZY4[u=< t< F G JUWTa|qY k QaV G K \ k YA\6YA_XJ b QR[ n yofYA[]_XQR_^V`_lQR[ 
w5< Fk UqfQa[]|hU|AQZAJe[[4S{K!x6J k YW k U¿cd_®_ G YqV QR[ k Je|AS:TRU k TZc_`\]UqfJ b Qa[]QZVXQaUqT b Q k JLfV^QaYA[{_<
u< 0_XQa[]|U u6[:QaV^J b Q *#J k Je[{fJh_^YATZAJ k VXYfYAKh\]S:VXJV G JdQR_XfYA_XQZV°c_XYqTRS:V^QaYA[YA[ U k Je|AS:TRU k | k Q b Yq
V G J/JQRWY4[]UWT6JedS]UqV^QaYA[hQR[ k Je_XV k QafV^J bb YAKhUWQR[]_lYAx:V`UWQR[:J b x4ch|qJL[:J k UWVXQa[:|Uq[JL[AAJTaYA\6JU k YAS{[ b
V1lY_`S]ffJe_`_^QaqJeTZc _ G YAV k U¿c:_]< 6¶JfUqTZTIV G Je_XJJe[4qJeTZY4\{JL_. x:Qa| k U¿cd_ <
t=< F G J-V k U¿AJT]VXQaKJ u6JT b Qa_|qQaqJe[hx4cV G J_`S]\6J k \{Y4_^QaV^QaYA[hYq<UWTaT{TaYdfeUWT]V k U¿AJT]VXQaKJvu6JT b _fYAKh\]S
V^J b QR[ V G J/x]QZ| k U¿c:_]< 6 G Je[.x]QZ| k U¿c:_Qa[4V^J k _XJefV:r·Q$< J5< 1 G Je[ k U¿c:_U k J/f k YA_`_^QR[:| s AV G QR_®\ k Y:fJL_X_
|qQaqJL_ UKS:TaV^Q+>UWTRS:J b V k U¿AJT#V^QRKJAu{JT b <
F G QR_g\ k YdfJ b S k J/fYAKh\]S]V^Je_lV G J/KS:TZVXQ ¡UWTRS:J b V k U¿qJeT{V^QRKJ/UqV®U!|qQaqJL[ \{YAQa[4V®Q­V G J k U¿cV k UqfQa[]|
_XYqTRS:VXQZY4[ ½S:T u{TaT<V1®YhfYA[ b QZVXQZY4[]_ 
xKx%Çzy]{,|}LÓ
w¿u   &X	]%:&"P
w5< F G J k U¿c:_f k YA_`_^QR[:|¶UWVV G UqVh\{U k V^QRfS:TRU k \{YAQa[4V G U¿AJ.V^Y x6JTZY:fUqT®KQR[:QRKU ÄY k V G J "{J k KhUWV
\ k Qa[]fQa\]TZJd< F G QR_/KJLUq[QR[ \{U k V^QRfS:TRU k V G UqVV G JQ k K!S]_XV¸x{J[:YfYA[m^S:|AUqV^Jh\{YAQa[4V/YA[ V G J k U¿c
r·_XJJ[:Ji:V-_^JLfV^QaYA[ s <
u< F G Je_XJ k U¿cd_/1 G QRf G U k J¸[]JqJ k UqfVXS]UqTZTac.V k UAfJ b  G U¿qJ¸V^Y p TZQaqJ.qQa[ b Q+*2J k JL[4V-x:QZ| k U¿c:_< F G Qa_
Je[]_`S k JV G UWV¸V G Jc1 QaTZTV`S k [  k YAK TaY:fUWTKQR[:QaKhUV^Y|qTaYAx{UWTKQR[:QRKhU 1 QaV G¶k JL_X\6JefV¸V^Y\]UWV G
fY4[]_^V k UqQa[]J b V^YTaQZJQR[ V G J.fY4[]_^Q b J k J b b Y4KhUWQR[^<  Je[]fJ V G JfYAKh\]S]V^J b dQR_XfYA_XQZV°c_XYqTRS:VXQZY4[
1 QZTaT<cdQaJT b V G JV k U¿qJeT#V^QRKJUA_X_XY:fQRUWVXJ b 1 QaV G V G Qa_\]U k V^QRfS:TRU k k U¿c5<
   '4 C 0!"=-)%(  
6¶J[:Y 1 fYA[]_XQ b J k U\]UqV G YATZYA|qQRfUqT2feUq_XJ5< m [ V G J\ k JL_^JL[]fJ/YWUfeUqS]_XV^QRf#dV G J_^QaVXS]UqV^QaYA[.Qa_ b Q+*#J k Je[4V<
4 fUqS{_^VXQaf¸QR_ b Ju6[:J b Uq_ V G J!TaY:fS]_ 1 G J k JV G J k U¿c:_gYWV G J|qJeYAKJV k QRfUqTIYA\:VXQafe_ G U¿AJUq[Je[4AJTaYA\6J
r·Y k UÄYAT b YWV G JUW| k UA[:|qQRUq[KhUq[]Q­ÄYAT b QR[\ G Uq_XJ_`\]UAfJr n wLvo s s <  UqS]_XV^QRf!\6YqQR[4VX_¸U k JfYA[¿m^S:|4UWVXJ
\6YqQR[4VX_]KJeUq[]Qa[:|V G UWVgQ­U k U¿c:_|AYV G]k YAS:| G _`S]f G U\6YqQR[AVAr·Ji]fJL\:V®ÄY k V k S:J/ÄY:fUWTI\6YqQR[4VX_ s QaV b YdJe_
[]YqV k JLUWTaQKJeJUq[4c:KY k JhUKQa[:QRK!S{K V k U¿qJeTV^QRKJ r·M s  k YAK V G J _XYAS k fJV^Y\6YqQR[AV`__XQZV`S]UWVXJ b YA[¶V G J
k U¿c:_gUÄV^J k V G JfUqS{_^VXQaf5< "{Y k \{YAQa[4V`_-UÄVXJ k V G JfUAS]_^VXQaf¸Y4[:JfUA[UqT+1gU¿c:_u6[ b U½Uq_XV^J k [:JQa| G x6Y k Qa[]|
k U¿c5< F G QR_!fTaUA_X_XQafeUWTB_XQZV`S]UWVXQZY4[ Qa_ k JL\ k Je_XJe[4V^J b QR[ u{|4S k J.M1 G J k J V G{k JeJ k U¿c:_ G QaVUfUqS{_^VXQaftr·V G J
V G QRf	TaQa[:J s <6 J 1®UA[AVVXY¸S{_^J V1®Y¸YW#V G JLKfr·\]TaUqQa[TaQa[:JL_ s V^Yx]S:QaT b U¸x:Qa| k U¿c5<)6¶J 1gUq[4VV^YfY4Kh\]S:V^J
QR[\]U k V^QRfS]TaU k V G JV k U¿AJT#V^QRKJUq_`_^Y:fQRUWVXJ b 1 QZV G V G J k U¿c r¡o  s r b Uq_ G J b TaQR[:J s UWÄV^J k QZV G UA_ G QaV-V G J
feUqS]_XV^QRf<36 JQRKhKJ b QRUWVXJTac_XJJV G UWV-V G JV1®Y fYA[ b QZVXQZY4[]_-_XVXUqV^J b QR[_^JLfVXQZY4[u=< M U k J[:YAV-_XUqV^QR_ u6J b <
F G J k J|AQZY4[ x{Y4S][ b J b x4c k U¿c:_wr¡o 4 m 4  s UA[ b r°o:D m D  s QR_¸[:YqV¸fY4[][:JiUq[ b V G J k U¿c r°o  s QR_¸[:YqV
_XV k QRfV^Tac fY4[4VXUWQR[:J b QR[.V G Qa_ k J|AQZY4[^<qJL[QZ 1®J¸fYAS:T b fYA[]_XV k S]fV®U b YAKhUqQa[fYA[4V`UWQR[:Qa[]|V G Qa_ k U¿cQZV
G Uq_UfY4[¿m^S:|AUqV^J!\6YqQR[4V r>UWVV G JfeUqS]_XV^QRf s Uq[ b V G J k JÄY k J b YdJe_[:YqV k JLUWTaQKJeJ![:YqV/U KQa[]QaKS]K 2JeqJL[
V G YAS]| G QaVgQa_ U_XVXUWVXQZY4[]U k c\]UWV G ÄY k "{J k KhUWVg\ k Qa[]fQa\]TZJNr½M s <  YAKh\]S]V^QR[:|hV G J¸dQa_`fY4_^QaV°c_^YATaS]V^QaYA[ Yq
V G J¸JQRWY4[]UWT#JedS]UqV^QaYA[Qa[U k Je|qQaYA[.TZQRWJPr¡o m 4  D  D 4o s |AQZAJe_gU 1 k Y4[:| k Je_`S:TaVgQa[ r m 4  D  D ms UA_gV G J
S{\$1 QR[ b _`f G JeKJVXUAWJL_V G J_ G Y k VXJe_XV p S]\&1 QR[ b q\]UqV G UWTaYA[]|V G J.x6YAS][ b U k c r¡o ms Uq[ b V G J k J V G J
QR[Vu6KS]K ÄY k V G JfYA_XV®½S][]fVXQZY4[ r^w.G s Qa_ []YqV k JeUWTaQ JJ b x4cUh_^V`UWVXQZY4[]U k c \]UWV G r k U¿c s <
F G QR_ b J|qJL[:J k UWVXJ_^QaVXS{UWV^QaYA[ 1gUq_\]U k V YWV G J!KYqV^QaUWVXQZY4[ÄY k b JeqJeTZY4\:Qa[]| U fY kXk JefV^J b |qJeYAKJ 
V k QRfUqT]YA\]V^QRf-U k YAS][ b feUqS]_XV^QRf_]<6 J k Je4QaJ'1 k Uq\:Q b TacV G Qa_V G JeY k cUA[ b S]_XJ-QZVlV^Y!\ k Y4\{Y4_^J-UfY k`k JLfV^J b
UqTZ|AY k QZV G K QR[V G J[:JidV-_XJefV^QaYA[^<
  -  gzk 
 (-Nk"$!&  
	 k
®
3  ),  %4;%4O ' 
F G J|AJYAKJeV k QafeUWTÁV G JY k cYq b Q * k UqfVXQZY4[ QR_UA[ Uq_Xc:Kh\:V^YAV^QRfUA\]\ k Y¿idQRKhUWVXQZY4[YWBV G J k J b S{fJ b 1®U¿AJ
JLdS]UWVXQZY4[ 1 G QRf G k JLKUqQa[{_UqTZQ b U k YAS][ b fUAS]_^VXQafe_< - Y k J\ k JefQa_XJTac QaV KY b JeTa_fY k`k JLfVXTZc 1gU¿qJL_
k J,O6JefVXQa[]|.YA[ V G JhQaTZTRS]KQa[{UWV^J b _XQ b JYqBV G JhfUAS]_^VXQafe_¸Uq[ b UqTa_XY u2[ b UA[Ji]\6YA[:JL[AVXQaUqTZTac b JLf k JeUq_XQR[:|
_XYqTRS:VXQZY4[QR[V G J!_ G U b Y 1 k Je|qQaYA[x{J G QR[ b V G JfUqS{_^VXQaf5<36¶J|qQaqJ G J k J k JL_XS:TaVX_ 1 G Qaf G feUq[x6JÄYAS][ b
r k JL_^V k QRfVXJ b VXY G YAKYq|AJe[:JeYAS]_-KJ b QaU s QR[ n uWto< F G JL_^J k JL_XS]TZV`_ G YAT b ÄY k _XKYdYqV G fUAS]_XV^QRfUA[ b UWTR_XY










"Qa|AS k J-M  4@fUqS{_^VXQaf?r·V G QRf	TZQR[:Jwr4 D s s Uq[ b V G]k JJ k U¿c:_ k J,O{JLfVXJ b x4cV G JfeUqS]_XV^QRf< F G J\ k Y4x:TaJeK
QR_gV^Y b Ju6[:J¸V1®YTaY:fUWT b YAKhUWQR[]_g_XS{f G V G UWVgV G J4QR_`fYA_XQaV°ch_XYqTRS:VXQZY4[]_ 1 QZTaTIcdQZJeT b V G JV1lY b Q+*2J k JL[AV
V k U¿AJT#V^QRKJe_ QR[ k Je|qQaYA[r4 D m 4 s <
0/_^QR[:|U b Q+*2J k JL[AVgUq_Xc:Kh\:V^YAV^QRf-_^YATaS]V^QaYA[Yq<V G J.1®U¿AJ-JedS]UqV^QaYA[tr°z s :UA[ Uq\]\ k Y¿i:QRKUqV^J b Uq_XcdKh\
VXYqVXQaf k Je\ k JL_^JL[AV`UWVXQZY4[ YWV G J!_XYqTRS:V^QaYA[YA[V G JQaTZTRS]KQR[]UWVXJ b _XQ b JYqV G J!feUqS]_XV^QRfPr½V G J_XQ b JYWB\6YqQR[AV
m YA[ u{|4S k J¸M s QR_ |AQZAJe[.x4c 
 7r s   u +  	 	 r  	 

      r s   	 
     r ss r¡uC s
F G J k J/U k J¸V1®Y\ G Uq_XJe_ Uq[ b V1®YUAKh\:TZQaVXS b Je_ QR[V G QR_ Ji]\ k Je_`_XQZY4[^< F G JD  4S{Uq[4V^QaV^QaJe_ U k J¸Uq_`_^Y:fQaU#
VXJ b V^YQR[]fY4KQR[:| 1®U¿AJUA[ b V G J8D  dS]Uq[4VXQZVXQZJL_VXYV G JhYAS]V^|qYAQa[]| 1gU¿qJUÄV^J k QZV G UA_/V^YAS{f G J b V G JfeUqS]_XV^QRf< 4gV\{YAQa[4V m YA[u{|AS k JMÄY k QR[]_XVXUA[]fJ¸V G JV k U¿qJeT2VXQaKJ!UA[ b UqKh\:TaQZV`S b J!UA_X_XY:fQRUWV^J b VXY k U¿c
r°o m D s Qa_|qQaqJe[x4c
,




b   <
F G JV k U¿AJT#V^QRKJe_-_XYqTaqJ/V G J_XUAKJ¸JeQaqYA[]UqTIJedS]UWVXQZY4[]_   ,  r s   
 w r s  D r¡uAz s
F G J¸UAKh\:TZQaVXS b Je_-U k J¸|AQZAJe[xAcr QR_ b J,u2[:J b x6JTaY 1 s 
  r s 
 "r s  	 0  r s
1 G J k J60  _^YATZAJ/KY b Q u{J b V k Uq[{_X\6Y k VgJedS]UWVXQZY4[]_ 
u  ,  r s D @ 0  r s  r  ,  r s wu "r s   r  "r s ss 0  r s 
 F r¡uWv s
F G J-½S][]fV^QaYA[QR_®VXUAWJe[._^V k QRfVXTZc\6YA_XQZVXQZAJQR[V G J/QaTaTaS]KQR[]UWVXJ b k Je|qQaYA[Uq[ b FY4[V G J/feUqS]_XV^QRf< m V®Qa_
|AQZAJe[Qa[V^J k Kh_ YqV G J\ G UA_^J/½S][]fV^QaYA[]_
,
 Uq[ b Uq[:YAV G J k U k QaUAx:TZJ $x4c,
 r s 
 $ ut "r s r¡uWy s
xKx%Çzy]{,|}LÓ
weM   &X	]%:&"P
o/[]J_XJJe_/V G UWV  b Je\6Je[ b _Y4[ V G J b Q *#J k Je[{fJx6JV1®JJL[ QR[]fY4KQa[:|Uq[ b YAS]V^|qYAQa[]|.\ G UA_^Jd< 6 JhfUA[
JeTZQRKQa[{UWV^J $ UA[ b Ji]\ k JL_X_  UA_U¶½S][]fV^QaYA[ YW ,  < m VQR_ UWTR_^Y QRKh\{Y k V`Uq[4VhV^Y [:YqVXQafJV G UqV Uq_ 
UA[:Qa_ G JL_gYA[V G JfeUqS]_XV^QRf.1lJ G U¿AJV G J k J ,
 r s 
 ,  r s D r>t5F s
4TZTIV G QR_ Qa_ fYA[]_XQR_^VXJe[4V 1 QZV G V G J¸½UqfV®V G UWV
,
 _XYqTaqJ/V G JfTaUA_X_XQafeUWT#JQRWY4[]UWT#JL4S{UWV^QaYA[Uq[ b KhUWV`f G Je_
V G J V k U¿AJTBVXQaKJ
,
YqfTRUq_`_^QRfUqT|qJY4KJV k QRfUWTYA\:VXQafe_ k Je_`\{JLfV^QaqJeTZc¶x{JÄY k J.Uq[ b UÄV^J kk U¿cd_ G QZVV G J
feUqS]_XV^QRf< F G Qa_ QR_ [:YAV V k S:J¸ÄY k V G JV k Uq[]_`\6Y k V®JLdS]UWVXQZY4[]_ 1 G QRf G QR[]fY k \6Y k UWVXJUq[U b]b QaV^QaYA[{UWTIV^J k Kh_
r>fY4K\{U k J b V^Yh|qJeYAKJV k QRfUqT2Y4\:V^QRf_ s _`S]f G V G UWV-UAKh\:TZQaVXS b Je_-U k J.1®JTaT b J,u6[]J b S]\V^YV G JfUAS]_^VXQaf5<
2YqV^JV G UWV-U k JTRUWVXQZY4[_XQaKQaTaU k V^Y r>uqy slG YAT b _®ÄY k V G JUqKh\:TaQZV`S b Je_ 0  r s 
  5r s  "r s    r s D r>t]w s
OdYV G UWV Y4[.V G JfUAS]_XV^QRf 1®JUW|4UWQR[ G U¿AJ 0  r s 
 0  r s D r>tAu s
F G Qa_ k JeKhU k  1 QaTZTÁ\ k YAJ/S]_XJ½S]T<Qa[V G J\{J k _`\6JefVXQZAJ¸YWfYAKh\]S]V^QR[:|UqKh\:TaQZV`S b Je_S]_^QR[:|PD pF <
3   5   #0  D),5  %4+B:A1 - %4),+
m [_^JLfV^QaYA[¶u< M51®J\ k YA\6YA_XJ b UA[ UWTa|qY k QaV G K x]UA_^J b YA[ k U¿cV k UqfQa[]|< 6¶J 1®UA[AVV^YfY k`k JefVQZV¸_XS{f G
V G UWV QaV-fUA[ G Uq[ b TaJ pXb Je|qJL[:J k UWVXJ]q_^QaVXS]UqV^QaYA[]_ _`S]f G Uq_u{|4S k JNr·M s r>_^JLfV^QaYA[u< G s <
F Y k JeKJ b cVXYV G QR__XQZV`S]UWVXQZY4[! 1lJ u k _^V/Uq_`_XS]KJV G UqV 1®Jd[:Y 1 V G J|AJYAKJeV k cYqV G JfUAS]_^VXQaf
r>_^Je|AKJe[4V|AYqQR[:|V G]k YAS:| G 4 Uq[ b D YA[ u{|AS k J r·M s s < 6¶J b QR_XfeS]_`_Qa[ V G J [:JidV_^JLfV^QaYA[ G Y 1 V G Qa_
QR[dÄY k KhUWVXQZY4[feUq[x{JY4x:VXUqQa[]J b <
6¶J[:Y 1 k JeKJeKx{J k V G UWVV G J!feUqS]_XV^QRfQR_-V G J!TaYdfeS]_ 1 G J k JV G J k U¿c:_-_XV^Y4\V^Y k JeUqTZQ JJTaY:fUWTKQ 
[]QaKhUÄY k V G J "6J k KhUWVl\ k QR[]fQR\:TaJ5< m V®Qa_lV G J k JÄY k J[]UqVXS k UWT2V^YfS:VlV G J¸x:Qa| k U¿cS]_XQR[:|!V G JfeUqS]_XV^QRfUA[
k Je_XV k UWQR[V G JhfY4Kh\]S:VXUqV^QaYA[YqBV G JdQa_`fY4_^QaV°c_XYqTRS:V^QaYA[ Qa[V G J b YAKhUWQR[ r¡o 4 D s < F G JL[ _XJefVXQZY4[u< u<
\6YqQR[4V!w|AS]U k UA[AVXJJL_ V G UqVV G JdQR_XfYA_XQZV°c_XYqTRS:V^QaYA[1 QaV G V G Jh_XUAKJ!x{Y4S][ b U k cfYA[ b QaV^QaYA[{_KhUWV`f G Je_
V k U¿AJT#V^QRKJUWTaYA[:|V G J k U¿c:_®Qa[V G QR_ b Y4KhUWQR[r·Qa[\]U k V^QRfS]TaU k®k U¿c r¡o  ss <76¶JUWTR_XY[:YAV^QRfJ¸V G UWV V G Qa_
V k U¿AJT2V^QRKJUqfV`S]UWTaTac fY k`k Je_`\{Y4[ b _lV^Y
,
 YW_XJefV^QaYA[t=<
m VgQa_ UA_X_XY:fQRUWVXJ b VXYhQa[]fYAKQR[:| k U¿c:_®V^YhV G J
feUqS]_XV^QRf<
6¶J[:Y 1 S]_XJ-V G JV k UAfJ-Yq<V G J-V k U¿AJT+>VXQaKJ-Y4[_^Je|AKJe[4V r4 D s UA_U (/Q k QRf G TaJVlx6YAS{[ b U k cfYA[ b Q 
VXQZY4[r>_^Y4S k fJ s ÄY k Uh[:J1 k JL_^YATaS]V^QaYA[ YqV G J¸JQRWYA[{UWT#JedS]UqV^QaYA[^< 6¶J¸KJLUq[V G J¸V k U¿qJeT6VXQaKJ b Ju6[:J b
Y4[ r4 D s xAcJi:V^JL[ b QR[:|ÄY k KS:TaUPrXwey s V^YV G Je_XJ\6YqQR[AV`_BUq[ b [:YqVBV G J-QR[Vu6[:QaV^J¿UqTaS]J-YWIV G J (Q k Qaf G TaJV
x6YAS{[ b U k c!fYA[ b QaV^QaYA[a< F G QR_VXQaKJ 1®J-S]_XJ V G J b Y4KhUWQR[ r4 4  D  D s fY k`k Je_`\{Y4[ b QR[:|VXYYAS:VX|qYAQa[:| k U¿c:_
 k YAK V G JfUAS]_^VXQaf5< F G J k U¿c:_UWÄV^J k V G JfUqS{_^VXQafhU k J_XV^QaTaTB_^V`UWV^QaYA[{U k c \]UWV G ÄY k V G J[:J'1 \ k Y4x:TaJeK
Yq-KQR[:QRKhUWT®V^QRKJ k YAK V G JfUqS{_^VXQaf 1 QZV G u]i:J b QR[:QaV^QRUWT®V k U¿qJeTBV^QRKJ.YA[ V G QR__`S k ½UqfJ5< F G QR_!QR_!U
b Q k JefV/fYA[]_XJedS:JL[]fJYWV G Jf G YqQRfJYWlV G Jx6YAS][ b U k c fYA[ b QZVXQZY4[UA_V G JV k UqfJYW®V G JV k U¿qJeTVXQaKJ





UAfV`S]UWTaTZcAJ k Q­ÄcV G Jh[:JLfJe_`_`U k cV k UA[]_^AJ k _XUqTZQaV°c.fYA[ b QaV^QaYA[{_ n weyo s < F G J k U¿c:_UÄV^J k V G JhfUqS{_^VXQafU k J
Uq|AUqQa[ KQR[:QRKU!ÄY k V G J "{J k KhUWVg\ k Qa[]fQa\]TZJ¸x{JLfUAS]_^J.1®J/\]UA_X_XJ b V G JfY4[¿m^S:|4UWV^J/\{YAQa[4VAr·feUqS]_XV^QRf s Uq[ b
1®JUA_X_`S]KJ!V G UWV.1®J b Y[:YqVJe[]fYAS][4V^J k U[:J'1 YA[:Jd< m [V G JL_^JfYA[ b QZVXQZY4[]_V G JdQa_`fY4_^QaV°c_XYqTRS:VXQZY4[
KhUqVXf G JL_ V k U¿qJeT<V^QRKJe_UqTZY4[:|hV G JL_^J k U¿c:_?r>Uq[ b QR[\]U k V^QRfS]TaU k ÄY k r    s < m VfY k`k JL_X\6YA[ b _gV^Y
,
 Yq
_XJefV^QaYA[t r k JeKJeKx{J k V G UqV
,
 
 ,  YA[V G JfeUqS]_XV^QRf s <
6 G UqV 1®JQRK\]TZQRfQaV^Tac b Q b Qa[V G Je_XJ!V1®Y _XJe\]U k UqV^J!fYAKh\]S:V`UWV^QaYA[{_ Qa_/_`\:TZQaVV G J k U¿c:_ G QaV^VXQa[:|V G J
feUqS]_XV^QRf#1 G Qaf G |qTaYAx]UqTZTac fY k`k Je_`\{Y4[ b _YA[:Tac V^Y _^V`UWV^QaYA[{U k c \{UWV G _!ÄY k V G J "{J k KhUWV\ k Qa[]fQa\]TZJ$QR[
V1®Yh\]U k VX_]<V G Je_XJ¸V1lYh\]U k V`_®_XJe\{U k UWV^JeTZc k JeUqTZQ JJ/KQR[:QRKhU!ÄY k V G J "{J k KhUqVg\ k QR[]fQR\:TaJ/UA[ b V G J k JÄY k J
KhUqVXf G V G JdQR_XfYA_XQZV°c _XYqTRS:V^QaYA[QR[.V G JQ k-k Je_`\{JLfVXQZAJ b YAKhUWQR[^<
3    !+ %4) #5  #5 C7 #1D5  :H')!-
F G Jh_`UqKJ_XV k UWV^Je|qcfUA[ x6JQR[ \ k QR[]fQR\:TaJhS{_^J b VXYfYAKh\]S]V^JhV G J 1gU¿qJ k JO{JefV^J b Y4[ x6YAS][ b U k QZJL_<
F G J¸x6YAS{[ b U k QaJe_ U k J¸V k JeUqV^J b Ji]UAfV^Tac.UA_gV G JfeUqS]_XV^QRf/Qa[V G J\ k JLfJ b Qa[]|h_XJefV^QaYA[^<
"Qa|AS k JtG_ G Y 1-_ k U¿c:_ k J,O{JLfV^J b x4c Ux6YAS{[ b U k c Qa[ Uq[ G YAKYq|AJe[:JeYAS]_KJ b QRS]K < F G JV G QRf	
TaQR[:Je_ k JL\ k Je_XJe[4VV G J k U¿c:_BS{_^J b V^Yx{Y4S][ b V G J b Y4KhUWQR[ 1 G J k J-V G JdQR_XfYA_XQZV°ch_^YATaS]V^QaYA[hQR_lfYAKh\]S:VXJ b <
4|AUqQa[V1®Y fYAKh\]S]VXUWVXQZY4[]_-U k J\6J k ÄY k KJ b <3"Q k _^V-QR[r¡o 4 Do s 1 QaV G U\6YqQR[4V_^Y4S k fJfY4[ b QaV^QaYA[UWV
o Uq[ b V G JhQR[Vu6[:QaV^J'>JidQaV°fY4_^V/V°c:\{Jhx6YAS][ b U k c fYA[ b QZVXQZY4[ JeTa_XJ'1 G J k Jd< F G JL[ QR[ r4 D D  4  4 s 1 QaV G
V G JV k UqfJYW-V G J.ÄY k KJ k fYAKh\]S:V`UWV^QaYA[ Uq_U_XYAS k fJ Y4[9r4 D s UA[ b O4Y4[:J k x6YAS][ b U k c fYA[ b QZVXQZY4[






"QZ|4S k JwG  k U¿c:_ k JO{JefV^QR[:|hYA[UXu]i:J b x{Y4S][ b U k c r·V G QRf	 TaQR[:J s <
F G QR_ KJV G Y b G UA_®YWfYAS k _XJUTZQRKQZVXJ b Qa[4V^J k JL_^VgQR[ V G JfUq_XJ/YWU_XQa[:|ATZJ k J,O{JLfV^QaYA[.Qa[U G YAKY#
|AJe[:JeYAS]_/KJ b QRS]Khr½V G Jh_XYqTRS:VXQZY4[Uq[{UWTac4VXQafeUWTQR_¸JeUq_XQaTZc fYAKh\]S:VXJ b s < F G QR__^JLfVXQZY4[ G Y 1®JAJ k _ G Y 1-_
V G UWVgV G Jx:QZ| k U¿chV k UqfQR[:|hKJV G Y b fUA[.V`UqqJQR[4V^YUqfefYAS{[AV:_^c:_XV^JeKhUqV^QRfUWTaTac Uq[ b Qa[ b Qa_`f k QaKQR[]UWVXJTac
KS:TaV^QR\:TZJ k J,O6JefVXQZY4[]_gYA[fUAS]_XV^QRf_ Uq[ b x6YAS][ b U k QZJL_<
xKx%Çzy]{,|}LÓ
w.C   &X	]%:&"P
    k!&'(  Nkzk-®-  

    :  %('4:A+&),5
4 k U¿c¸V k UqfQR[:|/Qa_Ku k _XV\6J k ÄY k KJ b V^Y/|qJVQR[dÄY k KhUWVXQZY4[YA[!V G J _XV k S]fV`S k JlYq6V G J®|AJY4KJeV k Qafl_^YATaS]V^QaYA[^<
F G Qa_/QR_S]_`S]UqTZTac b YA[]JS]_XQR[:|U p S][:|AJS:VXVXUUWTa|qY k QaV G K%Y4[_Xcd_XV^JLK r^w s r>u s ÄY k Uu]i:J b [dS]K!x6J k
YqUA[:|qTaJ6$=< 6 J k J|4S:TRU k TZc _`UqKh\:TaJ¸V G JQR[:QaV^QRUWTÁUA[:|AS:TRU k _XJefV^Y k 1®JU k JQR[4V^J k JL_^VXJ b Qa[a<
    +B I"  13%4),5  %4+B:A1 - %4),+
6¶J 1®UA[4VQR[dÄY k KhUWVXQZY4[ Y4[ feUqS]_XV^QRf_hQR[ Y k b J k V^Y x6J Uqx:TaJV^Y _X\]TZQaVYAS k fYAKh\]S:V`UWV^QaYA[{_UWVhV G JL_^J
\6YqQR[4VX_]<  UqS]_XV^QRf\6YqQR[4VX_¸fUA[ x6J b JeV^JLfV^J b JeQZV G J k S]_XQa[]|\]U k UWi:QaUqT k U¿cV k UAfQR[:|.Y k QR[\ k QR[]fQR\:TaJx4c
_XYqTadQa[]|V G JV k Uq[]_`\6Y k V®JLdS]UWVXQZY4[^<
j U k UWidQRUWT k U¿c V k UAfQR[:| r n wM5o n wLu.o s QR_.U KJeV G Y b 1 G QRf G Je_XV^QRKhUWV^J G Y 1 TaQR[:JeU k \{J k V`S k x]UWVXQZY4[
r9  r " s&%   r " ss QR[ V G J¸Qa[]QZVXQaUqT#fYA[ b QZVXQZY4[.\ k YA\]Uq|AUqV^JUqTZY4[:|Uwu]i:J b k U¿ctr  r " s %  r " s s _^YATaS]V^QaYA[ Yq r^w s <m V QR_gJi:VXJe[]_XQZAJTac.S]_XJ b ÄY k V k U¿AJT#V^QRKJQa[4VXJ k \{YATaUqV^QaYA[x{JeV1lJeJe[ k U¿c:_@r·_XJJ n w.G.o s <
m []_XJ k V^QR[:| r "r " s 9  r " s&%  r " s   r " s s Qa[V G J!_`UqKJJedS]UqV^QaYA[]_?rXw s 1®JAu6[ b V G UWVV G J!\6J k VXS k x{UWV^QaYA[{_r·V G J\]U k Ui:QRUWTdS]UA[4V^QaV^QaJe_ s _`UWVXQa_ u{Je_!Qa[ V G J u k _^VY k b J k Uq\]\ k Y¿i:QRKUqV^QaYA[¶V G J b Q+*#J k Je[4V^QRUWT
JLdS]UWVXQZY4[]_     9  " 
   
	#; r  r " s&%  r " ss D 9  r " s  	 
	#; r  r " s %  r " s s D   r " s   " 
 <=
	 	 ; r  r " s&%  r " ss D 9 "r " s < 
	   ; r  r " s&%  r " ss D   r " s
r>tqt s
1 G J k J ; QR_ |qQaqJL[x4c r#G s <
m [ V G JfeUq_XJYW/U u ( \6YqQR[4Vh_XYAS k fJ\ k YAx]TZJLK w uV G J k U¿cd_ b JL\{JL[ b _ x6YqV G Y4[ V G J p VXQaKJ]q
\{U k UqKJVXJ k QKJLUWV^QaYA[Uq[ b V G J!Uq[:|ATZJ6$hYWV G JQa[]QZVXQaUqTÁfY4[ b QaV^QaYA[^< F G J b JV^J k KQR[]Uq[4V YqV G J AUAfY4x:QaUA[
KhUqV k Q­i   r " % $ s7r " % $ s
|AQZAJe_gUhKJeUq_`S k J¸YWV G J b JÄY k KUqV^QaYA[YWUQa[Vu2[:QZVXJe_XQaKhUqT<VXS]x6J
9$5r " s  " 5r " s UWTaYA[:|V G J k U¿cd<F G JUqKh\:TaQZV`S b J=0 5r " s V k Uq[]_`\{Y k VXJ b UWTaYA[]|/V G J k U¿cQR_ 1®JQa| G V^J b xAcV G J|qJY4KJV k QRfUWT]_`\ k JeU b Qa[]|3
r " s 
 w r  r " s s    r   r " % $ s7r " % $ s D r>tWM sm V QR_g|qQaqJL[x4c 0=r " s 
 0 5rF s
3
r$F s3
r " s D r>tdG s
1 G Je[
3
Uq[]Qa_ G Je_ÁV G JgUqKh\:TaQaVXS b JL_x]TZY 1-_S]\r·V G J k U¿c/VXS{x{JgfYATZTRUq\]_XJ s ¿V G J k U¿c:_ G QZV`_UfUAS]_^VXQaf5< F G J
fYAKh\]S:V`UWVXQZY4[ YW
3





9  1 QaV Gk JL_X\6JefV^QaqJeTZc  	
 
 Uq[ b   	
 
UA[ b S]_XJlV G JgfY k`k JefVQa[]QZVXQaUqTdfYA[ b QZVXQZY4[]_< m [V G J®feUq_XJYq6Uq[!Qa_XYqV k Y
\]Qafl\{YAQa[4V_XYAS k fJ r>u s   	
 
 QR_Á|AQZAJe[x4c_^YATZdQR[:|wr>tqt s 1 QZV G QR[:QaV^QRUWTdfYA[ b QZVXQZY4[]_ 9 "rF s 
 r ! #" r$ s&% "('*) r$ s s  r$F s 
 rF % F s Uq[ b   	  Qa_¸|AQZAJe[¶x4cV G J _XUAKJhJL4S{UWV^QaYA[ 1 QaV G QR[:QZVXQaUqTBfY4[ b QaV^QaYA[]_
9  rF s 
 r$F % F s  r$F s 
 r < "('*) r$ s&%   #" r$ s s <
F G J|qJeYAKJV k cYqlfUAS]_^VXQafe_feUq[ x6JYAx:V`UWQR[:J b V G UqV/x4c _ G YdYqV^QR[:|U._`S fQaJe[4V/[dS]Kx{J k YW k U¿c:_
UA[ b V G JeQ k \]U k Ui:QRUWTIdS]Uq[4VXQZVXQZJL_< F G QR_-KhU¿c_XJJeK \ k Y G QRx:QaV^QaqJUq_ 1lJ\ k JefQa_XJTac 1gUq[4V VXY U¿qYqQ b k U¿c
V k UAfQR[:|< 6¶J[]YqV^J G Y 1®JqJ k V G UqVfeUqS]_XV^QRf_U k JJe[4qJeTZY4\{J!YW k U¿c:_Uq[ b V G J k JÄY k J k U¿c:_ 1 QaTZT G U¿qJU
VXJe[ b Je[]fcVXYfYA[{fJe[4V k UqV^JgV G J k J_^YV G UWVJeqJe[U_`KhUWTaT{[dS]K!x6J k YW k U¿c:_ 1 QaTZT6fUWV`f G V G JeQ k |qJY4KJV k c5<
m []YqVV G JfeUqS]_XV^QRfQR_!VXYAS]f G J b x4cÄJ1 VXUq[]|qJe[4V k U¿c:__XY V G UqV!K!S]TZVXQa\:TaJ.V k U¿AJTBVXQaKJYA[:Tac¶YdfefS k
fTZY4_^J!V^Y QaV< 6 J 1 QZTaTQa|A[]Y k JV G JL_^JS][ b J k _`UqKh\:TaJ b feUqS]_XV^QRf_Uq_`_XS{KQR[:| QR[V G Qa_ 1®Y k .V G UWVYA[:JYq
V G QR_ k U¿cQa_/U|qYdY b Uq\]\ k Y¿i:QRKUqV^QaYA[YqV G Jh|AJYAKJeV k cYqV G JfeUqS]_XV^QRf!UA[ b YqV G JV k U¿qJeTVXQaKJL_Yq
V G J b Q+*2J k JL[4V k U¿c:_¸QR[ V G JdQafQa[]QZV°c YWgV G J feUqS]_XV^QRf< F G Qa_KJLUq[¶V G UqVV G JJLU k TZQaJe_XV_^QR[:|ATZJUWTRS:J b
V k U¿AJTV^QRKJhfY4Kh\]S:V^J b x4c_^V`Uq[ b U k b D pF r 1 QaV G Y4S:V/fYA[]_XQ b J k Qa[]|.V G JfeUqS]_XV^QRf s 1 QZTaTx{JhUqfefS k UWVXJ
JL[:YAS]| G <4 k Qa|qY k Y4S]_lUA\]\ k YAUAf G YqV G Qa_\ k Y4x:TaJeK1®YAS]T b fJ k V`UWQR[:Tac b Je\6Je[ b YA[V G J!Qa[4V^J k \ k JeVXUWVXQZY4[
Yq S b 1 QZ|> JTaTaJ k UA[]_`UWV,JÄY k fS]_`\ fUAS]_XV^QRf_ n uqtoQR[ VXJ k Kh_YqK!S:TaV^QUWTRS:J b V k U¿qJTV^QRKJe_¸Uq[ b Qa_
b Qa_`fS]_`_XJ b Qa[_XJefVXQZY4[.MS< th\6YqQR[4V M<
m V¸_ G YAS:T b UqTa_XY.x6JhKJL[AVXQZY4[:J b V G UqVJeqJe[S]_^QR[:|U TRU k |qJ![dS]Kx{J k YW k U¿c2V G J k JefYAJ k c.YqV G J
|AJY4KJeV k Qaf¸_XYqTRS:V^QaYA[YA[U k J|AS]TaU k | k Q b S]_XQa[:|hQR[4V^J k \6YqTRUWV^QaYA[\ k Y:fJ b S k JL_gQa_[:YA[V k Qa4QRUWT< F G J\ k Y#
x]TZJLK 1 QZV G k U¿cV k UqfQa[]|QR_¸[:YqV¸QaVX_fY4_^Vx]S]V/QaVX_¸QR[]UAx:QZTaQaV°c V^Y_^c:_XV^JLKUqV^QRfUqTZTac fY4K\{S:V^JhV G JhKS:TaV^Q
UqTaS:J b V k U¿AJTIVXQaKJAu{JeT b YA[U k Je|AS:TRU k | k Q b <
4[ YAV G J k Y4\:V^QaYA[ 1lY4S:T b x{JVXY¶_XYqTaqJV G JV k Uq[]_`\6Y k VJL4S{UWV^QaYA[9r^w]F s UA[ b b JV^JLfV 1 G J k JV G J
UAKh\:TZQaVXS b Jx:TaY 1-_BS]\^< m [hV G Qa_lfUA_^J G Y 1®JAJ k Uq[ b TZQRWJgÄY k V G JJQRWYA[{UWT]JL4S{UWV^QaYA[ 1®J-[:JJ b V^Y b J,u6[:J
U b Y4KUqQa[+Uq[ b x{Y4S][ b U k c fYA[ b QZVXQZY4[^< Od\6JefQaUqT-fU k J_ G Y4S:T b x{JV`UqWJL[ QR[ V G JfUq_XJYWKS:TZVXQa\]TZJ
_`S]fefJe_`_XQZAJfeUqS]_XV^QRf_ UA_hQZV.Qa_ []YqV \6YA_`_^QRx:TaJV^Y _XYqTaqJr^w.F s x{JecqY4[ b fUqS{_^VXQafe_<	6¶J b QR_XfeS]_`_V G JL_^J
\6YqQR[4VX_gQR[_^JLfV^QaYA[tG<aw5<
   '4O:H%4),5 %4;CD), '4:3-
6¶J []Y 1 Uq_`_XS]KJ V G UWV 1®JU k J |qQaqJL[ U [dS]Kx{J k Yq k U¿c:_.UA[ b V G J|AJYAKJeV k c+YqV G J b Q+*2J k JL[AV
feUqS]_XV^QRf_]< F G J/feUqS]_XV^QRf\6YqQR[4VX_gfY4Kh\]S:V^J b x4c\]U k Ui:QRUWT k U¿cV k UqfQa[:|U k JQR[4V^J k \6YqTRUWV^J b YA[ V G J:u6[:QaV^J
b Q *#J k Je[]fJ| k Q b ÄY k V G JQRWY4[]UWTÁJedS]UWVXQZY4[Uq_ 1®JTaTÁUA_-V1®Y _XS]fefJL_X_XQZAJTac_ G YqV k U¿c:_]< F G JL_^J!\6YqQR[4VX_
1 QaTaTÁfY4[]_^VXQZV`S:V^JV G J b QR_Xf k JeV^Jx6YAS][ b U k QZJL_gYWYAS k x]QZ| k U¿cd_]< 0[ b J k ¡_`UqKh\:TaJ b fUAS]_XV^QRf_ k Je\ k Je_XJe[4V^J b
Y4[:Tac.x4c._X\{U k _^J¸\{YAQa[4V`_-U k J¸QZ|4[:Y k J b <
6¶J!½S k V G J k _XS{\]\{Y4_^JV G UqVV G JfeUqS]_XV^QRf G Qa_XV^Y k cYWBJLUqf Gk U¿cQR_/4[]Y 1-[^< F G JND pF UWTa|qY k QaV G K
[]Y 1@fY4[]_XQa_XVX_gQR[_XJTaJefV^QR[:|V1®Y_`S]ffJe_`_^QaqJeTZc _ G YAV k U¿c:_]<
w5< m V G JL_^JV1lY k U¿c:_ G U¿qJ [:YAV V^Y4S]f G J b Uq[4c+feUqS]_XV^QRf#gV G Jc [:JefJe_`_XU k QaTac b Y [:YAV.f k YA_`_Uq[ b
1lJ b J,u6[]J.V G Jx:Qa| k U¿cd_!Uq_V G J.JL[4qJTaYA\6JYW-V G Je_XJ V1®Y k U¿cd_]< F G QR_!JL[AAJTaYA\6J \{YAV^JL[AVXQaUqTZTac
fY4[AV`UWQR[]_UqTZT k U¿c:_ 1 QaV G QR[:QaV^QRUWT b Q k JLfV^QaYA[fYAKh\ k Qa_XJ b x6JV1®JJL[V G JV1lY.fYA[]_XQ b J k J b k U¿cd_]< m 
xKx%Çzy]{,|}LÓ
wLv   &X	]%:&"P
K!S:TaV^Q+¡¿UqTaS]J b [:JL_X_BYdfefS k _QR[]_^Q b J V G Qa_x:QZ| k U¿cV G Je[YA[:Tac!V G J u k _^VU kXk QZUqT:V^QRKJ QR_BfYAKh\]S:VXJ b <
6 J_`U¿c V G UWV 1®JKQR_`_ _XKhUWTaTÁ_`fUqTZJ¸K!S:TaV^Q+¡¿UqTaS]J b [:JL_X_]<
u< 6 G Je[ V G JV1®Y k U¿c:_V^YAS{f G U_XKYdYqV G \]U k V/YW®V G J_`UqKJhfUqS{_^VXQaf5< 6 JS]_XJhV G J\ k Y:fJ b S k J
b Je_`f k QRx{J b QR[._XJefV^QaYA[.t< u=< 6 J@u k _^Vg_XYqTaqJQR[V G J k Je|qQaYA[x{Y4S][ b J b x4c V G JQR[]fY4KQa[:| k U¿cd_®UWV
V G JfeUqS]_XV^QRfUA[ b V G J_^Je|AKJe[4VYW®feUqS]_XV^QRfQZV`_^JeT­lUA[ b S{_^JhV G JV k UAfJYWV k U¿AJTV^QRKJhY4[ V G Qa_
_^Je|AKJe[4V/Uq_/U._XYAS k fJ!UA[ b V G J k JLKUqQa[]Qa[:|\]U k VYqV G JV1®Y k U¿c:_V^YQZVXJ k UWV^JV G Jh\ k Y:fJe_`_-Yq
x:Qa| k U¿cV k UAfQR[:|< F G J k JLKhUWQR[:Qa[]|\]U k VlYWÁV G J k U¿c:_feUq[QR[ b JeJ b Uq|AUqQa[JL[]fY4S][4V^J k Y4[:JYqÁV G J
V G]k JJ\ k JL_^JL[AV _XQZV`S]UWVXQZY4[]_]<
t=<o/[:JYWV G J k U¿c VXYAS]f G JL_ UhfUqS{_^VXQafUA[ b []YqV V G JYqV G J k < V G J¸V1lY k U¿cd_ F G Jx{S:QZT b QR[:| k U¿cd_ b Y
[:YqV¸f k YA_`_/Uq[ b 1lJQZ|4[:Y k J!V G JfeUqS]_XV^QRf< F G JfYAKh\]S:VXJ b V k U¿AJTV^QRKJ 1 QaTZT|AQZAJwu k _XVU k`k QZUWT
Qa[ V G JJe[4qJeTZY4\{Jd< m V 1 QaTZTQa[\]U k V^QRfS:TRU k fY4K\{S:V^J k U¿c:_ p f k U 1 TaQR[:|dqhS][ b J k V G JfUqS{_^VXQaf5< 6 J
fUA[KQR_`_V k U¿AJT<VXQaKJe_Uq_`_^Y:fQaUqV^J b VXY_XYAKJ!\]U k V`_ YWBV G J b Q k JLfV k U¿c:_?r>x{JÄY k JV G Jec G QZVV G J
fUAS]_^VXQaf s Uq[ b k J,O{JLfV^J b k U¿c:_@r·UWÄV^J k s <
M< F G JgV1lY k U¿cd_V^Y4S]f G _XKYdYqV G \]U k V`_YW{V G J-_XUAKJ®feUqS]_XV^QRfl_XJe\{U k UWV^J b x4cU¸_^QR[:|4S:TaU k QaV°cPr·feS]_X\ s <
m [¶V G J feS kXk Je[4V¸QRK\]TZJLKJL[4V^J b AJ k _^QaYA[YWlY4S k UWTa|qY k QaV G K V G QR__XQZV`S]UWVXQZY4[QR_[:YAV/V`UqqJe[ Qa[4V^Y
UqfefYAS{[AV]< m [ V G J/[dS]KJ k QRfUWT#_XQaKS:TaUqV^QaYA[r·_XJefVXQZY4[ C s \ k Je_XJe[4V^J b 1®J/U k JQa[ b JJ b Qa[.V G J¸_XQZV`S]U 
V^QaYA[hYq#feS]_X\feUqS]_XV^QRf<7D S:VYA[]TZcYA[:J_`KYdYqV G \]U k VYq2V G JfeUqS]_XV^QRfgQa_BQ b JL[4V^Q u{J b x6JefeUqS]_XJ qJ k c
ÄJ'1 k U¿c:_V^Y4S]f G V G JYqV G J k \]U k V<6¶Jf G Y4_^J-VXYQa|A[:Y k J-V G QR_l\]U k VYW<V G JfUAS]_XV^QRf?r·_XJefV^QaYA[hM< u s
Uq[ b ÄY k |AJV Uqx6YAS:VgV G JK!S:TaV^QR\:TaJV k U¿qJeT2VXQaKJL_<
F G JÄYqTaTZY 1 QR[:| k JeKhU k d_ G Y 1®JAJ k |qQaqJe_Qa[ b QafeUWVXQZY4[ YA[ 1 G UWV¸_ G YAS:T b x6J b Y4[:J!VXYV`UqqJ!V G Qa_
_^QaVXS{UWV^QaYA[QR[4V^YUqfefYAS{[AVgQR[YAS k UWTa|qY k QaV G K 
F G J k U¿c:_f k YA_`_Áx6JÄY k Jgx{YAV G YW{V G Jc G U¿AJVXYAS]f G J b V G JgfeUqS]_XV^QRf< "{Y4S k fYAKh\]S]VXUWVXQZY4[]__ G Y4S:T b
x{J b YA[:J/Qa[V G UWV-fUA_^Jd<V G JcU k J b JL\:QRfV^J b Qa[u{|AS k JAC=< "Q k _XVgx6JÄY k J¸V G JfS]_`\.QR[V G J_XQa[:|ATZJ
V k U¿qJeT{V^QRKJDJeYA[:Jx{Y4S][ b J b x4c k U¿c:_ r>U s < 6¶JqJJe\ V G J/V k UqfJ-YW<V k U¿AJT]VXQaKJ/YA[V G JfeUqS]_XV^QRf<
F G Je[QR[!JLUqf G JYA[]Jgx6YAS{[ b J b x4cYA[]J k U¿cUq[ b V G J fUqS{_^VXQaf 1 QaV G _^Y4S k fJ®V^J k K Y4[!V G J _XKYdYqV G
\]U k VYq-V G J.feUqS]_XV^QRf f k Y4_X_XJ b x4c V G J k U¿c:_Uq[ b O4YA[:J k D  YA[ V G J k JeKhUWQR[:QR[:| \]U k VYq-V G J
fUAS]_^VXQaf5< "Qa[]UqTZTacQR[¶V G J KS:TaV^QBUWTRS:J b JeYA[:Jx6YAS][ b J b x4c V G J fUAS]_^VXQafUA[ b V G J k U¿c:_ 1 QaV G
YA[:TacUh_XYAS k fJ¸\6YqQR[AV-UqVgV G J_XQa[]|AS:TRU k QZV°cd<
F G J k U¿c:_¸f k YA_`_/x{JÄY k Jhx6YqV G YWV G JeK | k U JJV G JhfeUqS]_XV^QRf< "{Y4S k fY4K\{S:VXUqV^QaYA[]__ G YAS]T b x{J
b YA[]JQa[¶V G UWVfUA_^Jd<hV G Jec U k J b Je\]QafV^J b QR[ u{|AS k JC=< "Q k _XVx{JÄY k JV G J feS]_X\ QR[ V G J _XQa[:|ATZJ
V k U¿qJeTÁV^QRKJJeYA[:Jx{Y4S][ b J b x4c k U¿c:_UA[ b V G JfS{_X\^< 6 JhWJeJe\V G JV k UAfJYqBV k U¿qJeTÁV^QRKJ!Y4[
V G JfUqS{_^VXQaf5< F G JL[!6UWÄV^J k V G J!feUqS]_XV^QRf¸QR[JeUqf G JY4[:Jx6YAS][ b J b x4c.Y4[:J k U¿cUq[ b V G JfUAS]_^VXQaf
1 QZV G _XYAS k fJ V^J k K Y4[ V G J_`KY4YAV G \]U k V!YqV G JfeUqS]_XV^QRf.f k Y4_X_XJ b x4c V G J k U¿c:_!UA[ b O4Y4[:J k
D  YA[V G J k JeKhUWQR[:QR[:| \]U k VYWV G JhfUAS]_XV^QRfr·_XJe\]U k UqV^J b xAcV G JfUAS]_XV^QRf!_XQa[:|4S:TRU k QZV°c s < F G Qa_
_^VXJe\¶fY4K\{S:V^JV k U¿AJTaV^QRKJL_UA_X_XY:fQRUWVXJ b VXY k U¿c:_ 1 G Qaf G¶G U¿AJ u k _XV¸f k Y4_X_XJ b YA[:J\]U k V¸YW®V G J
fUAS]_^VXQaf!S][4V^QaTV G Jc| k U JeJV G JYqV G J k \]U k VYWV G JfUAS]_^VXQaf5< F G Je[cAYASUW|4UWQR[WJJL\V G JV k UqfJ













"Qa|AS k JPC  p U¿c:_ r°o 4 4  s UA[ b k U¿cr¡o:D D  s f k Y4_X_/x6JÄY k JhV G Jec V^Y4S]f G V G JfUAS]_^VXQaf r½V G QRf	TZQR[:J s <
F G J k J/U k J/UWTR_^Y k U¿c:_!r$F4O{O  s |AYqQR[:|V G]k YAS:| G V G J_XQa[]|AS:TRU k QZV°chYqV G J¸feUqS]_XV^QRfO"< F G Je_XJ k U¿c:_f k Y4_X_
UqVO 1 QZV G V G J._`UqKJhV k U¿qJeTVXQaKJd< m [¶V G QR_feUq_XJ O QR_UWTR_XYV G J._XVXU k VXQa[:|\6YqQR[4VYWgV G J| k U b QZJL[4V
_XQR[:|AS:TRU k QaV°c/Yq2V G Jg|qTaYAx]UqTd4QR_`fYA_XQaV°c_^YATaS:VXQZY4[^<)6¶J u k _^V_XYqTaqJ®Qa[ r¡o 4/OVD-o s r>x{JÄY k J®V G J fUAS]_^VXQafe_ s
1 QaV G _^Y4S k fJ\{YAQa[4VUqV¸o Uq[ b WJJL\V G J!V k UqfJ!YWV k U¿qJeT<V^QRKJÄY k ½S k V G J k fY4Kh\]S:VXUqV^QaYA[]_]< F G JL[
1®J!_XYqTaqJQR[ r¡OVD. DO s 1 QaV G _^Y4S k fJ_X\6JefQ u6J b Y4[r¡OgD s r°OJi]fTaS b J b s xAcV G J\ k JdQaYAS]_-_XV^JL\ Uq[ b
TaQRWJ'1 QR_XJ.YA[Tr¡O4  4¸O s 1 QaV G _^Y4S k fJ.Y4[9r¡O/4 s < "QR[]UWTaTac 1lJK!S]_XVh_^YATZAJUÄVXJ k V G JfeUqS]_XV^QRf51 QaV G
b Q k Qaf G TZJeVg_XYAS k fJ/Y4[.V G JfUAS]_XV^QRf|AQZAJe[x4c V G JV k UAfJ¸YWV G JTRUq_XV-fY4Kh\]S:VXUqV^QaYA[^<
x{Y4S][ b J b x4cV G JfUAS]_XV^QRfAr·UÄVXJ k V G JfeUqS]_XV^QRf s cqYASS]_XJ-V G Qa_V k UqfJ-U[]J'1 (Q k Qaf G TaJVlx{Y4S][ b U k c
fY4[ b QaV^QaYA[Uq[ b cqY4S u2[ b V G JTRUWVXJ k U k`k QZUWT#YqV G JV k Qa\]TZQRfUqV^QaYA[^<
m [.V G QR_l_XJefV^QaYA[ 1®J b J,u6[:J b UA[ UqS:VXYAKhUWVXQaf\ k YdfJ b S k J-VXYfYAKh\]S:VXJ/KS:TZVXQ6UqTaS:J b V k U¿AJT{VXQaKJL_<
F G J |qY4UWT-QR_ VXY fY4K\{S:V^J V G J |AJY4KJeV k Qaf_XYqTRS:VXQZY4['YA[ U k J|4S:TaU k | k Q b S{_^QR[:| ÄJ1 _XYqTaqJYqV G J
JeQaqYA[]UqT JedS]UqV^QaYA[^< F G JQ b JeU QR_ V G J k JÄY k JV^Y S{_^JV G J_`KUqTZTaJe_XV \6YA_`_^QRx:TaJ [4S{K!x6J k Yq¸x:Qa| k U¿c:_
1 QaV G YAS:VTZYdYA_XQR[:| QR[dÄY k KhUWV^QaYA[Y4[ K!S]TZVXQ ¡UWTRS:J b []Je_`_< 6 J\ k JL_^JL[4VU [dS]KJ k QRfUWTV^JL_^V/Qa[_^JLfV^QaYA[ C
VXY\ k YAJV G JV k UqfVXUAx:QZTaQaV°c YWYAS k UA\]\ k YAUqf G <
    .5 1   ),5  - +!"$   #' %4!)  #5 :<0!FG1:H%4) I5
6¶J\ k Je_XJe[4V G J k JÄY k V G J_XUAWJ!Yq®fYAKh\:TaJV^JL[:Je_`_¸U[dS]KJ k QRfUqT_`f G JLKJ!ÄY k V G JJeQaqYA[]UqTJedS]UWVXQZY4[
1 G Qaf G fUA[x6J¸ÄYAS{[ b QR[ r n t]wo s <
xKx%Çzy]{,|}LÓ
u5F   &X	]%:&"P
F G J b J k QZUWVXQZY4[.YqV G J_Xf G JeKJ¸Qa_ x]UA_^J b Y4[.V G J k JeKhU k hV G UqVgV G JdQR_XfYA_XQZV°c _XYqTRS:V^QaYA[
,
YW r·y s
_`UWVXQa_^Äc    , r s   
 w r s   _XS]\      
,
r s D  < w r s  
 F %  ?   D r>t5C s,
QR_ |qQaqJL[ YA[    x4c5(/Q k QRf G TaJV-x6YAS][ b U k c.fY4[ b QaV^QaYA[]_Arr^wet s Uq[ b r^w¿u s ÄY k Ji]UqKh\:TaJ s <4 k Je|AS:TRU k | k Q b¸b QR_Xf k JeV^Q JeUWVXQZY4[/YW]V G J b YAKhUqQa[   QR_<QR[4V k Y b S]fJ b Uq[ b [:YAV^J r 	 %   s 
 r '   %
	    sV G Jh\{YAQa[4VX_/YqV G QR_/| k Q b < , 	  1 QZTaTBx{JV G JUWTRS:JYWV G J b Qa_`f k JVXJUA\]\ k Y¿i:QaKhUWVXQZY4[YW , UWVNr 	 %   s <
6¶JUWTR_XY b Ju6[:JV G J¸ÄYqTaTZY 1 QR[:|hQR[ b Ji_^JeVX_ 
 
 r ' %	s ?  r 	 %    s ?    
V G J k Je_XV k QafV^QaYA[ YqV G J| k Q b VXYV G J b Y4KUqQa[   Uq[ b  
  r ' %
	Vs ?     or ' < w s   % r '  w s   n  o#r 	 < w s    % r 	  w s    n
  
U b QR_`f k JV^JUA\]\ k Y¿idQRKhUWVXQZY4[ YWV G Jx6YAS{[ b U k c    <4 u k _XV Y k b J k u6[:QaV^J b Q *#J k Je[]fJUq\]\ k Y¿i:QRKUqV^QaYA[QR_-KhU b J/QR[ r·tdC s 
_`S]\     
,
r <   5s < , r s<   < w r s  
 F r>t4z s
F G JJedS]UqV^QaYA[ 1 QaTaTgx6J 1 k QaV^VXJe[+UWV  
 r 	 %   s 1 QaV G   
    	      	  < 4%fY4[4qJi TaQa[]JeU kUA\]\ k Y¿i:QaKhUWVXQZY4[QR_-KhU b J/ÄY k , r <   5s < - Y k J¸\ k JefQa_XJTac QZ
r <   5s ? o#r ' s   % r '  w s   n  o#r 	s    % r 	  w s    n
ÄY k Ji]UqKh\:TaJ 1lJ 1 QaTZTS]_^JV G JUq\]\ k Y¿i:QRKUqV^QaYA[,
r <   5s 
 , 	   , 	     , 	   
1 G J k J  %"!9%  U k J/_`S]f G V G UWV  <    
# r 	 %   s  r 	   %   s $ r 	   %     s s  $ 
 w
S{_^QR[:| V G Je_XJ!Ji:\ k JL_X_XQZY4[Qa[ r·t4z s 1®J!fUA[YAx]VXUWQR[Uq[Uq[]UqTZcdV^QRfUqTÁJi:\ k JL_X_XQZY4[ÄY k V G J_XS]\ k JLK!S]K%QR[
VXJ k K YWU b QR_Xf k JeV^J  UAKQaTaV^YA[]QaUA[ 
 	  r % !9%  %  s 
'& '  Kr(  % !  s   '  Kr   %   s  < w r 	 %   s r>tqv s
1 G J k J)  
 '  Kr$F %  s Uq[ b !  
 '  Kr$F % <*!s < F G QR_[dS]KJ k QRfUqT  UqKQaTZVXYA[:QRUq[+\:Qaf	d_hS]\+V G JS{\$1 QR[ b'b QR_Xf k JeV^Q JeUqV^QaYA[ YW¸V G J| k U b QaJe[4VhYW¸V k U¿qJeT V^QRKJd< Dgc S]\&1 Qa[ b 1®J KJeUA[+V G J b Q k JLfVXQZY4[





Y4_XfQZTaTRUWV^QaYA[{_/UqTZY4[:|_ G Y:f	d_NrJY4[:Je_ 1 G J k J k U¿c:_f k Y4_X_.1 QaV G _XUAKJV k U¿AJTV^QRKJ Uq[ b¶b QR_XfYA[4V^QR[dS:YAS]_
| k U b QaJe[4V s <
F G JL[U[dS]KJ k QRfUqT b Qa_`f k JVXJUq\]\ k Y¿i:QaKhUqV^QaYA[ Yq
,
_`UWV^QR_ u{Je_ , 	  
 r 	 %   s&%  r ' %
	Vs ?  
 	 5r   , 	  %  , 	  % 	 , 	  % 	 , 	  s %  r ' %	s ?  r>tqy s
1 QaV G  


 , 	  
         , 	  
   




        	 	 , 	  
 	 
    	 r·MdF
s
F G J¸fY4[4qJ k |qJL[]fJ Yq<V G QR_ b QR_Xf k JeV^J_XYqTRS:VXQZY4[V^Y 1gU k b V G J¸fY4[4V^QR[4S]YAS]_4QR_`fYA_XQaV°ch_XYqTRS:VXQZY4[ Uq_lV G J
KJL_ G _^Q JJh|AY4JL_¸V^YJJ k YQR_\ k YqJ b Qa[ n t]w o#< F G JhV G JeY k JVXQafeUWTBUqfefS k UqfcQa_\ k Y4\{Y k VXQZY4[]UWTV^Y   
x{S:V Qa[\ k UqfV^QRfJ¸YA[]J/Y4x]_XJ k qJe_gUXu k _^VgY k b J k UqffeS k Uqfcd<
JV  x{JV G JYA\6J k UWVXY k b J,u2[:J b YA[V G J_X\]UAfJ¸YWUWTaT
 
 r , 	  s  	 B       
 r
 s 	  
  	 5r   , 	  %  , 	  % 	 , 	  % 	 , 	  s
F G J®\ k YAx]TZJLK Qa_[:Y 1 u2[ b V G J b Qa_`f k JVXJ u6JT b 
'_`UWVXQa_^ÄcdQa[:|  r
 s 
 F/Uq[ b V G J x6YAS][ b U k c¸fYA[ b QZVXQZY4[, 	  
 r 	 %   s %  r ' %
	s ?   < 6 JS]_^JU k JeTaUWi]UWV^QaYA[UWTa|qY k QaV G K \ k YA\6YA_XJ b QR[ n u5CoUA[ bb Je_`f k QRx{J bQR[ n t{w o#< m V-_^QRKh\:TZcfYA[{_^QR_^VgQR[ 
w5<O4V^JL\ )
 F  f G YdYA_XJ
  
 r , 	  s  	 B       _XS]f G V G UqV , 	  
  r 	 %   s ÄY k UqTZTr ' %
	Vs ?  Uq[ b  r
  s  F=<
u<O4V^JL\ ) w  ÄY k UqTZT r ' %
	s ?  A_^JeV ,   	  
 "       " D  D  r s 
 F   	  
    )    
,    r "! s*
 r ' 	s  
F G J \]U k VXQafeS:TRU k ÄY k K YW  JL[]Uqx:TaJgV^YfY4Kh\]S:V^J UA[]UWTacdV^QRfUWTaTacV G J _XYqTRS:V^QaYA[YW2V G J k JTRUi:J b JedS]U 
VXQZY4[ r>_^VXJe\ ) +w s < 4-|4UWQR[V G J¸fYA[4qJ k |AJe[]fJ YWÁV G QR_®UqTZ|AY k QZV G K Qa_g\ k YqJ b Qa[ n t{w o#< m V31gUq_ÄYAS][ b V^Yx6JK!S]f G ½Uq_XV^J k V G UA[KY k J¸fTRUq_`_^QRfUqTIUWTa|qY k QaV G Kh_®TZYdY4AQR[:|ÄY k _XVXUWVXQZY4[]U k cY k u]i:J b \6YqQR[4Vg_XYqTRS:VXQZY4[
Yq-U p VXQaKJ]q b Je\6Je[ b Je[4V!JL4S{UWV^QaYA[a< m [ \ k UAfVXQafJ51lJ.YAx]_XJ k qJ b UfYA[4AJ k |qJe[{fJ\ k YA\6Y k V^QaYA[]UqTBV G J
TRU k |qJL_^Vg_XQKJeJ/YqV G J| k Q b <
oV G J k S]\&1 QR[ b _`f G JLKJL_ ÄY k  UqKQaTZVXYA[AUAfYAx]QJL4S{UWV^QaYA[{_feUq[ x6J¶ÄYAS][ b QR[ n uMo n uAz.o< 4
 UqKQaTZVXYA[ 4UqfYAx:Q#_XYqTaqJ k YA[S][]_XV k S]fV`S k J b KJe_ G JL_QR_g\ k Y4\{Y4_^J b QR[ n w,o n uo< m V G Uq_gx6JJL[.fY4K!x:QR[:J b
1 QaV G D pF QR[ n to<
# $  k(!k% :k
/
  %G #0 )25 %4  %('4:A5D- 7 #'(% !FG1:H%4) I5
6¶J|qQaqJ G J k J¸Q b JeUA_ k JeTaUqV^J b V^YV G J[4S{KJ k QRfUqT k JL_^YATaS]V^QaYA[ YqV G J¸V k Uq[]_`\6Y k V®JLdS]UWVXQZY4[]_@r^w]F s r>uWv s <
m  1®J![:YAV^J 0 
 !   r0= s Y k 0 
 !   r 0  s r·V G JUqKh\:TaQZV`S b JfUq[S][ b J k |qYTRU k |qJU k QRUWV^QaYA[{_ s x6YqV G
xKx%Çzy]{,|}LÓ
uAu   &X	]%:&"P
JLdS]UWVXQZY4[]_ fUA[x6J k J1 k QaV^VXJe[  , r s D  0wr s 
  r s r·M{w s
6 G J k J
  r s 
 < wu  , r s
ÄY k r^w.F s Uq[ b  
,
r s 
 ,  r s
  r s 
  ,  r s  "r s  r   "r ss "r s 
  r·t ,  r s < t ,  r s s  
ÄY k r>uqv s
F G JKhUWQR[ Q b JLUÄY k _XYqTadQa[:|V G J¸V k UA[]_X\6Y k VJLdS]UWVXQZY4[ QR_lVXYf G YA_XJUq[S]\&1 Qa[ bb QR_`f k JV^Q JeUqV^QaYA[Yq
V G J| k U b QaJe[4V-YqV G JhUqKh\:TaQaVXS b Jd< F G QR_f G YAQafJ\ k JAJe[4VX_/_`\]S k QZY4S]_-Y4_XfQZTaTaUqV^QaYA[]_/Uq[ b Qa_¸[]UqVXS k UWTUq_
V G Jf G U k UqfVXJ k Qa_XV^QRf_Ar k U¿c:_ s \ k JefQa_XJTacV k UA[]_`\{Y k V`_ V G JUqKh\:TaQZV`S b J r·x4cS]\&1 Qa[ b 1lJKJLUq[ G J k JV G J
S{\$1 QR[ bb Q k JLfVXQZY4[.YqV k U¿qJeT#V^QRKJ s < F G J k J/U k J[:Y[:JeJ b ÄY k x6YAS][ b U k c fY4[ b QaV^QaYA[]_gJi:fJe\:VgÄY k V G J
_XYAS k fJV^J k Kh_wr·TZQRWJ!ÄY k V G JlQaqYA[]UqT<JedS]UqV^QaYA[ s < 6 QZV G V G J[:YAVXUWVXQZY4[YWB_XJefVXQZY4[M< M< 4[ S]\&1 Qa[ b
b Qa_`f k JVXQKJLUWV^QaYA[.YW r½M6w s r½QR[V G J_`UqKJ_X\]Q k QZV-UA_gQa[ n t]w o s fY4S:T b x6J 1 k QaV^VXJe[Uq_
 r   , 	  s    0 	   r   , 	  s    0 	     r  	 , 	  s   	 0 	  r  	 , 	  s   	 0 	    
  	  r·M4u s
F G JL[ m _`S]\]\6YA_XJ.Y4[:J.fY4S:T b S]_XJU k JTRUi]UqV^QaYA[ _Xf G JeKJUA_QR[ _XJefVXQZY4[ M< M< Uq[ b TaYdYA UWVV G J
fYA[4qJ k |AJe[]fJ5<
m [ r½Mdu s   	 QR_U b Qa_`f k JVXJUA\]\ k Y¿i:QaKhUWVXQZY4[ YW   < F G J \ k YAx:TaJeK YqV G J Uq\]\ k Y¿i:QRKUqV^QaYA[ YqV G QR_VXJ k K QR_ b Qa_`fS]_`_XJ b QR[ n wLto n tdFo< F G JUAS:V G Y k _ k JLfY4KKJL[ b V G JS]_XJYW G QZ| G J k Y k b J k _`f G JLKJ
r>\ k JÄJ k Uqx]TZc V G Q k b Y k b J k s ÄY k V G J V k U¿AJTBVXQaKJ.UA_   QR[AAYqTaqJL__^JLfY4[
b b J k QZUqV^QaqJe_YW V G J.V k U¿qJT
VXQaKJd<  Qa| G J k r½32¸o s _`f G JeKJe_®ÄY k  UAKQaTaV^YA[/ 4UqfYAx:Q#JedS]UqV^QaYA[fUA[x6J¸ÄYAS{[ b Qa[ n uMo n uAz.o< F G Jc
k JTac Y4[U G Qa| G J k Y k b J k UA\]\ k Y¿idQRKhUWVXQZY4[ÄY k V G JAO6Sdi:JL_?r  
 , 	  %  , 	  % 	 , 	  % 	 , 	  s <
     '4 7 #-/:<0   '5:A"=),+  
4_KJe[4V^QaYA[]J b Qa[ _XJefV^QaYA[ M< u<o/[]J fUq[¶UWTR_XYQRKhUW|AQa[:JVXY S]_XJV G J V k UA[]_`\{Y k V¸JedS]UqV^QaYA[ r½M6w s V^Y
TaY:fUqV^JfeUqS]_XV^QRf_]< F G QR_®\ k Y:fJ b S k JfYAS:T b x6JQR[]fTaS b J b Qa[Uq[ UqTZ|AY k QZV G K 1lJ¸fUqTZT (c:[]UAKQaf@D pF < m V
k JTaQaJe_-Y4[V G JQ b JeUV G UWVV k U¿qJTÁV^QRKJhfY4Kh\]S:VXUqV^QaYA[]_6UAKh\:TZQaVXS b Je_/fY4K\{S:VXUqV^QaYA[]_Uq[ b b JV^J k KQR[]U 
VXQZY4[.YqfeUqS]_XV^QRf_ feUq[x{J\6J k ÄY k KJ bb c:[]UqKQRfUqTZTac QR[V G J?D pF UqTZ|AY k QZV G K <
F G J®S]\&1 Qa[ b _`f G JeKJÄY k V G JJeQaqYA[]UqTqJedS]UqV^QaYA[UAfVXS{UWTaTZc¸fY4K\{S:V^JL_ÁV k U¿AJTqVXQaKJ®UWTaYA[:|-V G J k U¿c:_]<
4Kh\:TZQaVXS b Jl|AQZAJe[x4c¸V G J®V k Uq[{_X\6Y k V<JedS]UqV^QaYA[¸Yq]|qJY4KJV k QRfUWTAYA\:VXQafe_rXw]F s fUA[x{J®fY4K\{S:V^J b UWVV G J
_`UqKJ¸V^QRKJUq_gQaV[:JeJ b _gV G JS]\&1 Qa[ bb Q k JefV^QaYA[YWV k U¿qJTIVXQaKJd< m [fUq_XJhw¸YW_^JLfV^QaYA[M< tV G QR_-\ k Y#





6 G JL[ V G Jx:Qa| k U¿cV^YAS{f G Je_lUfUAS]_^VXQaf r·feUq_XJu_XJefV^QaYA[MS< t s 4V G J/_^YATaS:VXQZY4[hYWrXw]F s 1 QZTaT#x:TZY 1 S{\




s <6¶JfeUq[hV G Je[\ k Y:fJJ b Qa[hV G J k JeKhUWQR[:QR[:|\]U k VYq#V G Jx:Qa| k U¿c:_
UA_¸\ k Y4\{Y4_^J b QR[ _^JLfV^QaYA[ t=< u< 6 JhV G Je[¶YAx]VXUWQR[
,
 < 6¶J[:Y 1 G U¿qJV G J[:JLfJe_`_`U k cdS]UA[4V^QaV^QaJe_¸V^Y
fY k`k JLfV-V G JhUqKh\:TaQZV`S b Je_¸UA_\ k YA\6YA_XJ b xAcV G J|qJY4KJV k QRfUWTV G JeY k cYW b Q+* k UAfV^QaYA[a<.6¶JhfUq[_^YATZAJ
r¡uWv s QR[JeUAf G \]U k VYq6V G Jx:Qa| k U¿cS]_XQa[]|/V G J V k UqfJgYW#V G J-UAK\]TZQaVXS b J YA[V G J-feUqS]_XV^QRflÄY k V G J-_^JLfY4[ b
\{U k V®YqV G Jx:Qa| k U¿c r k JLKJLK!x6J k V G UWV0  
 0  V G J k J s <
 UA_^J-tr>_^JLfVXQZY4[MS< t s QZ|4[:Y k Je_BV G JfeUqS]_XV^QRf__^Y 1®J-_ G YAS:T b _^VXQaf	!V^Y!fTaUA_X_XQRfUWT:|AJY4KJeV k QafeUWT:Y4\:V^QRf_
UA[ b U b KQaV 1lJKhUqqJ¸UA[.J kXk Y k V G J k J5<  UA_^J/M _ G YAS:T b x6JV k JeUqV^J b x4cUA[]UWTaYq|Ac 1 QZV G feUq_XJu<
   !"$:<'  3-  #5      %(!5 - ) I5
4TZTÁV G JKhUWVXJ k QaUqT<\ k JL_^JL[4V^J b Qa[V G Qa_ \{Uq\6J k YAx4dQaYAS]_XTZc fYA[]fJ k []_ u  (rfY4K\{S:VXUqV^QaYA[]_]< p U¿c V k UqfQa[]|
UA[ b [dS]KJ k QafeUWT{_`f G JLKJL_ÄY k V G JQRWY4[]UWT]UA[ b V k Uq[{_X\6Y k VBJedS]UqV^QaYA[hQR[t  ( QR_[:YAVlU\ k Y4x:TZJLK < F G J
KhUqQa[ b Q  fS:TaV°c 1 QZTaTlx6J.V G J.x:Qa| k U¿c fYA[]_XV k S]fVXQZY4[^< "Q k _^Vx{JLfUqS{_^J k U¿c:_ k JeKhUWQR[ \]UWV G _!UA[ b 1lJ
[]JJ b _XS k ½UAfJe_®VXYx6YAS][ b V G J b YAKhUWQR[^<_^JLfY4[ b x6JefeUqS]_XJ/feUqS]_XV^QRf_ 1 QaTZT<\ k Y4x]Uqx:Tacx{JKY k J b Q  fS]TZV
VXY.TaY:fUWVXJ5< m V/_ G YAS:T b x6J[:YAV^J b G Y 1lJeqJ k V G UqVx6JefeUqS]_XJ 1®J!S]_XJ!Y4S:V^|AYqQR[:| r¡OdYA[:J k Y k Qa[u6[:QaV^JJi:QZV
fYA_XV s x{Y4S][ b U k cfYA[ b QaV^QaYA[{_lV G J¸|qJeYAKJV k chYWV G Jx:Qa| k U¿c[:JJ b []YqVgx{J¸qJ k cUAffS k UqV^J5< F G J/YA[:Tac
k JedS:Q k JeKJe[4V!QR_hV G UWVQZVhQR_U p k JeUA_^Y4[]Uqx]TZJ.qJe[4qJeTZY4\{JYWV G J k U¿c:_fY kXk Je_`\{Y4[ b QR[:| VXY¶V G JV k U¿qJT
VXQaKJ 1®J 1gUq[4V/V^YfYAKh\]S]V^J5< F G J b JVXJ k KQR[]UqV^QaYA[ YWlfeUqS]_XV^QRf 1 QaTaTB\ k Y4x]Uqx]TZcx6JJLUq_XQZJ k S{_^QR[:|V G J
\ k Y:fJ b S k J b Je_`f k Qax6J b QR[_XJefV^QaYA[tG< u<
"QR[]UWTaTZc$#TZJeVS]_/KJe[4V^QaYA[V G JUqTZ|AY k QZV G K r½QR[ t  ( s b JAJTaYA\6J b QR[ n w]Fo 1 G J k JV G J_^JeVYWBQR[:QaV^QRUWT
V`UqqJ ¡Y#* UA[:|qTaJ¸ÄY k V G J k U¿c:_?r k U¿c b YAKhUWQR[ s QR_UAS:V^Y4KUqV^QRfUqTZTac\]U k VXQZVXQZY4[:J b QR[ JY4[:Je_Uq_`_^Y:fQRUWVXJ b V^Y
k U¿c:_ 1 QZV G V G J_`UqKJ p G QR_^VXY k cq=< F G Qa_ []YqV^QaYA[QR_ fTaYA_XJ¸V^YhV G JQ b JLUhYWx]QZ| k U¿c b JAJTaYA\6J b G J k J5<
   !k 
 
 -
 "QZ|4S k J r¡z s  4 _XV k UWVXQ u{J b r·qJ k V^QRfUqTZTac s AJTaY:fQaV°c KJ b QaS{K r  s _XVXU k V^QR[:| UWVwUA[ b m^S]Kh\:QR[:|_XKYdYqV G TacUWV t<
 "QZ|4S k J@r·v s  GF k U¿c:__ G YAVQa[V G QR_KJ b QRS]K < F G J k JlQR_UTZY 1 b Je[]_XQZV°c JYA[]Je_Uq[ b UV k QR\:TaQafeUWVXQZY4[
JY4[:Je_x6YAS][ b J b x4cUfS{_X\ fUAS]_XV^QRf< F G JV k QR\:TaQafeUWV^QaYA[¶QR_/ÄY k KJ b x4c V G J b Q k JefV k U¿c:_<V G J
k U¿c:_ k J,O{JLfV^J b Y4[ V G J fUAS]_^VXQafUq[ b k U¿c:_/f k U 1 TaQR[:|S][ b J k V G J fUAS]_^VXQaf r·KQR_X_XQR[:| G J k J s Uq[ b
u{TaTZQR[:|V G J/TZY 1 b JL[]_XQZV°c JeYA[:Jx6JÄY k J/|qYAQa[]|!x]Uqf	V^YV G Jx6YqV^VXYAK < 4 K!S]f G u2[:J k®k U¿cV k UqfQa[]|
1lY4S:T b x6J[:JJ b J b VXYPu{TZTS]\V G UqVJeYA[:Jd<
 "QZ|4S k J!r·y s  YA[4VXYAS k TaQR[:JYqdV k U¿AJTWVXQaKJ:r½JAJ k c:F D F4u " D s Yq]V G JlUq_`_^Y:fQRUWVXJ b dQa_`fY4_^QaV°c_XYqTRS:VXQZY4[Qa[ UWTaTV G J b YAKhUqQa[^< F G J_ G Y:f	fUq[x{JYAx]_XJ k qJ b \ k JefQa_XJTac 1 G J k J!V G Jf k U 1 TaQR[:| k U¿cd_ 1 QaTZT
KJJVgV G J b Q k JefV k U¿c 1 QaV G _XUAKJ/V k U¿qJeT6VXQaKJd< F G Qa_ fYAKh\]S:V`UWVXQZY4[ QR[ b QRfUWVXJ¸V G J@u k _^VgU k`k QZUWT
 k Y4[4VX_]< 2YqVXJ¸V G UqV V G J_ G Y:f	YA[]TZc VXYAS]f G Je_gV G JfUqS{_^VXQaf¸UWV QaVX_ _XQR[:|AS:TRU k \6YqQR[4V<
xKx%Çzy]{,|}LÓ
uWM   &X	]%:&"P
 "QZ|4S k J r^w.F s   UAS]_^VXQaf\6YqQR[AV`_fY4K\{S:V^J b x4c \]U k UWidQRUWT k U¿cV k UAfQR[:|UA[ b Qa[4V^J k \6YqTRUWVXJ b YA[U
k Je|AS:TRU k w.F5F  w.F5F| k Q b < 6 J 1 QaTZTIQa|A[]Y k J/V G JS][ b J k _`UqKh\:TaJ b \]U k V YWV G JfeUqS]_XV^QRf<
 "QZ|4S k JNr^wAw s  4Tu k _^Vg_^YATaS]V^QaYA[YqÁV G J¸lQaqYA[]UqT{JedS]UqV^QaYA[QR[.U b Y4KUqQa[.x{Y4S][ b J b x4cV G J:u k _^V
k U¿cV^YVXYAS]f G V G JfeUqS]_XV^QRfAr½V G J_`KY4YAV G \]U k VBYqIV G JfeUqS]_XV^QRf 1®JWJeJe\ÄY k YAS k fYAKh\]S:V`UWVXQZY4[ s <
O4YAS k fJ®\6YqQR[4VUqV rF % F s QR[Vu6[:QaV^J (/Q k QRf G TZJeVKDA<  <¿JTR_^J1 G J k J5< F G Je_XJ®U k J®fY4[AVXYAS k TaQa[:J®YW6V k U¿qJT
V^QRKJr½JAJ k cFED FAu " D s <
 "QZ|4S k Jr^wLu s  F 1lY fYAKh\]S:V`UWV^QaYA[{_< ÁJÄV  V G J!dQR_XfYA_XQZV°c_^YATaS:VXQZY4[Qa[V G J b Y4KhUWQR[x{Y4S][ b J b
x4cV G Jh_XUAKJ k U¿cS][4V^QaTQZV/V^Y4S]f G Je_V G JhfUAS]_XV^QRf<¸OdYAS k fJ\{YAQa[4VUqV rF % F s #QR[Vu6[:QaV^J (Q k Qaf G TaJV
DA<  <JeTa_XJ'1 G J k Jd< p Qa| G V  V G JgdQa_`fY4_^QaV°c_^YATaS:VXQZY4[!QR[V G J b Y4KUqQa[x{Y4S][ b J b x4cV G J k JLKhUWQR[:Qa[]|
\]U k VYqV G J k U¿cUq[ b V G JfUqS{_^VXQaf5</O4YAS k fJ!_X\6JefQ u6J b Y4[V G JfUqS{_^VXQafxAcV G J!V k U¿qJeTÁVXQaKJ!Yq
V G J ÄY k KJ k fY4Kh\]S:VXUqV^QaYA[¶YA[¶V G J.fUAS]_XV^QRf#Qa[Vu2[:QZVXJ5(/Q k Qaf G TZJeVwDA<  < JeTa_XJ'1 G J k J5< F G Je_XJ U k J
fY4[AVXYAS k TaQR[:J¸YWV k U¿qJT#VXQaKJr½JeqJ k cF D F4u " D s <
 "QZ|4S k JPrXwet s  4-TaT<V G JV k U¿qJT#VXQaKJe_-V^Yq|AJV G J k <
 "QZ|4S k J r^wM s  Fk U¿AJT-VXQaKJV k UAfJL_YA[ UA[ G Y k Q JYA[4V`UWT-TaQa[]J r·UqV F D u s  V G JqJ k VXQafeUWTUWi:Qa_.Qa_
V G JV^QRKJ YW-U k`k QZUWT< ÁJÄVfYAKh\]S]V^J b S{_^QR[:| G5F5F k U¿c:_]< p QZ| G V!V G J V k UAfJYqgY4S k dQR_XfYA_XQZV°c
_^YATaS]V^QaYA[]_]<36¶JY4x]_^J k AJ¸V G J b Q k JefVvu k _^V-U kXk QZUqT]V G J k J,O{JLfVXJ b U k`k QaUWT<UA[ b Qa[x6JV1®JJL[V G J
U k`k QaUWTUq_`_XYdfQaUqV^J b V^Y f k U 1 TaQR[:| k U¿c:_< F G J k U¿cV k UqfQR[:|_XYqTRS:V^QaYA[¶KQa_`_¸V G JL_^JV k U¿AJTV^QRKJe_
r½TaY 1 b Je[]_XQZV°c JYA[]J s <
 "QZ|4S k Jr^w.G s   YAKh\]U k QR_^Y4[x{JeV1lJeJe[V G J!V1®Y \ k JLfJ b Qa[]|.fY4K\{S:VXUqV^QaYA[]_]< 2YqVXJ!V G J!QR[]UqfefS
k UAfcYq6V G J®dQR_XfYA_XQZV°c_XYqTRS:VXQZY4[UqVV G JgTZJÄVJe[ b YW2V G JgTRUWVXJe_XVU kXk Qa¿UqT$< p JeKJLK!x6J k 1lJgQa|A[:Y k J b




































"QZ|4S k J!z 
xKx%Çzy]{,|}LÓ
u5C   &X	]%:&"P



























"QZ|4S k Jy 
xKx%Çzy]{,|}LÓ
uqv   &X	]%:&"P












"Qa|AS k Jhw]F 







































"Qa|AS k JhwLu 











"Qa|AS k Jhwet 
xKx%Çzy]{,|}LÓ
tdF   &X	]%:&"P


















"Qa|AS k JhwM 















F G J¸qJc Q b JLUhYWV G QR_ k JL\{Y k V feUq[_^QRKh\:TZcJi]\ k Je_`_^J b x4c.V G J/ÄYqTaTZY 1 QR[:|fY4[]fTRS b QR[:| k JeKhU k  
F G J|qJeYAKJV k QRf_XYqTRS:V^QaYA[!6V G UqVQR_V G JKS:TaV^Q¿UqTaS]J b _XYqTRS:V^QaYA[Y4x:VXUqQa[]J b x4c k U¿cV k UqfQR[:|QR_UA_
_XY:fQRUWVXJ b V^Y._XVXUqV^QaYA[]U k c r½Y k f k QZVXQafeUWT s \]UqV G _ r·\ k JefQa_XJTac.V G J k U¿c:_ s ÄY k V G J "{J k KhUWV\ k QR[]fQa\:TaJ5< F G J
"6J k KhUWV\ k Qa[]fQa\]TZJQR_QR[ b JJ b Uq[¶YA\:VXQaKhUqTBfYA[4V k YATB\ k Y4x:TaJeK 1 QaV G UfY4_^V¸½S{[]fVXQZY4[ b Je\6Je[ b QR[:|Y4[
\{UWV G UA[ b |qQadQa[:|V G J V k U¿qJeTV^QRKJ5< o/[ V G J YAV G J kG Uq[ b V G JdQa_`fY4_^QaV°c _XYqTRS:VXQZY4[YqgV G J lQaqYA[]UqT
JLdS]UWVXQZY4[ r·fYAKh\]S:VXJ b x4cS]\&1 Qa[ b [dS]KJ k QRfUWT]_`f G JLKJL_ s fUA[x6JgJi]\ k Je_`_^J b S]_XQR[:|V G J-_`UqKJlY4\:V^QRKhUWT
fYA[4V k YqT2\ k YAx:TaJeK < F G JKhUqQa[ b Q *#J k Je[{fJx6JQR[:|V G UqVV G J/_XYqTRS:VXQZY4[Qa_gUA_X_XY:fQRUWV^J b V^Y\]UWV G _gKQR[:QRKQ 
JeQa[]|!V G JfY4_^V½S][]fV^QaYA[ r·V G UqVQR_®V G JV k U¿qJT6V^QRKJ s S][ b J k _XYAS k fJUq[ b _XVXUqV^JXr b Y4KUqQa[ s fY4[]_XV k UWQR[AV`_<
F G J_XQZV`S]UWVXQZY4[ QR_[]YqV b Je_`\{J k UqV^JUq_ k U¿c:_fUq[+UWTR_^Y x{Jr·_XYAKJeV^QRKJL_!TaY:fUqT s KQa[:QRKhUY k KhU b JYq
\6Y k V^QaYA[{_gYWKQR[:QRKU_XJe\{U k UWV^J b x4cfeUqS]_XV^QRf¸\{YAQa[4V`_<
F G J \ k Y4\{Y4_^J b _XYqTRS:V^QaYA[¶QR_Au k _^V¸VXY S]_^J UfYAU k _XJ k U¿cV k UqfQa[]|VXY b J,u2[:J TaYdfeUWTAJeYA[:JL_Pr%D pF!s <
F G Qa__XV^JL\+UqQaKh_hUWVfY4[4qJ k V^QR[:| k U¿c:_ 1 G QRf G U k JTZY:feUWT KQa[:QRKhU¶Qa[4V^Y |ATZY4x]UWT KQa[]QaKhU S][ b J k V G J
fYA[]_XV k UWQR[4V V G UqV\]UqV G G U¿AJV^Y k JeKhUqQa[TaY:fUWTaTacU k YAS{[ b V G UqV\]U k VXQafeS:TaU k-k U¿c5< F G J!_XJefYA[ b _XV^JL\Qa_
VXY_`\:TaQZV®V G J/fY4K\{S:VXUqV^QaYA[]_®UWV®fUqS{_^VXQafe_VXY!Je[{_XS k JV G UWV®V G J b Q+*#J k Je[4Vl\]U k VlYW<V G J k U¿c:_ 1 QaTZT#KhUWV`f G
KQR[:QRK!S]K \]UWV G x{JÄY k J-Uq[ b UWÄV^J k V G JfUqS{_^VXQafgQR[hV1lY b Q *#J k Je[4VJeYA[:JL_< F G J[dS]KJ k QRfUWT]_XQRK!S:TRUWVXQZY4[
fYA[Vu k Kh_V G UWVJAJ k cdV G QR[:| 1®Y k d_?u6[:J.ÄY k _XKYdYqV G \]U k V`_YW/fUqS{_^VXQafe_< Od\{JLfQRUWTgfU k J._ G Y4S:T b x{J
V`UqqJe[[:JeU k V G J_XQa[:|4S:TRU k QZV°c YqfeS]_X\feUqS]_XV^QRf_Ar>_^JLfV^QaYA[M< t s <
4 b]b QR[:| V G J!fY4K\{S:VXUqV^QaYA[YWUqKh\:TaQZV`S b JL__ G YAS:T b QaKh\ k YqJ¸V G J!\ k Y:fJ b S k J¸VXY TZY:feUWV^JfeUqS]_XV^QRf_
UA[ b UWTR_^YhJe[{Uqx:TaJe_gVXY fY k`k JefVgUqKh\:TaQaVXS b JL_-[:JLU k fUAS]_^VXQafe_ UqfefY k b QR[:|V^YV G J|qJY4KJV k QRfUWT#V G JY k c Yq
b Q * k UAfVXQZY4[^<
 * %-   




    &  
	 !kh  g( 
3 IK-·  W.-  + -½P- +   R  +   +  J    ]I     =- + - +76 R]L "J .I    R  ¿   SJ -Äe
 :  -½7 I c6 7Ä  ]  ~ 4 +  R    4- + ]I  PR:¿
6¶Ju k _XV b QR_XfeS]_`_.V G J k JTRUWVXQZY4[ x{JeV1lJeJe[ dQR_XfYA_XQZV°c'_^YATaS]V^QaYA[]_.YWV G JJQRWY4[]UWTJedS]UqV^QaYA[ Uq[ b
_XVXUA[ b U k b k U¿cV k UqfQa[:|S< Qa_`fY4_^QaV°c_XYqTRS:VXQZY4[QR_BV G JfY k`k JLfVB[:YAV^QaYA[YW<_XYqTRS:V^QaYA[fYAKh\]S:VXJ b x4c_XVXUAx:TZJ
S{\$1 QR[ b [4S{KJ k QRfUqT_^YATZAJ k _wr b JVXUqQZTR_¸Uq[ b k JÄJ k Je[]fJe_YA[ [4S{KJ k QRfUqT_XYqTaqJ k _ÄY k  UAKQZTaV^Y4[ 4UqfYAx:Q
JLdS]UWVXQZY4[]_¸fUq[ x{JÄY4S][ b Qa[ n t]w o n uMo n uAz.o n wo n uo s < F G Qa_ k JTRUWVXQZY4[ QR_V G Je[ S]_XJ b V^Y\ k Je_XJe[4V¸V G J
Q b JLUq_S][ b J k TacdQa[]|V G]k JeJ b Q *#J k Je[4VKJeV G Y b _\ k Y4\{Y4_^J b V^YfY4Kh\]S:V^JgK!S]TZVXQ ¡UWTRS:J b V k U¿qJeTAVXQaKJu{JT b _
S{_^QR[:|!dQR_XfYA_XQZV°c_XYqTRS:V^QaYA[{_< 4-TaT#V G JL_^J¸KJV G Y b _®U k J G cdx k Q b QR[ V G J/_XJe[]_XJ/V G Jec k JeTZchYA[._^Y4KJ/YqV G J k
p KJef G UA[:Qa_`KPq VXYfYAKh\]S:VXJhV G Jh|qJeYAKJV k QRf_^YATaS:VXQZY4[^< F G Qa_ G c:x k Q b Q JeUqV^QaYA[ Y*2J k _¸U\6YqV^JL[4V^QRUWTÄY k
\{U k UWTaTZJeTZQ JeUqV^QaYA[^<
	3  )2- +B #- )>%-/ #0,1%4) #5D-   %4;!)  #5:A0E!FG1:H%4) I5
4 qYATaS]KQR[:YAS{_TaQZVXJ k UWV`S k J!Qa_/U¿UWQaTaUAx:TZJ!YA[V G J k JTRUWVXQZY4[]_x6JV1®JJL[YA\]V^QRKUqTfYA[4V k YqT\ k YAx:TaJeK Uq[ b
dQR_XfYA_XQZV°c_XYqTRS:V^QaYA[{_lYq  UqKQZTaV^Y4[AUAfYAx]Q2JLdS]UWVXQZY4[]_@r·_XJJ n zoIÄY k UhfYAKh\ k J G Je[]_XQZAJx:QRx:TaQZYA| k Uq\ G c s <
6¶J k JLfUqTZTIV G UWV V G J\]S k _XS]J b YAxdmnJLfV^QaqJ¸QR_gV^Y b Q k JefVXTZc b Qa_`f k JVXQKJeJ¸V G JJeQaqYA[]UqTIJedS]UWVXQZY4[   , r s   
 w r s  r·MAt s
1 G J k J  b Je[:YAV^JL_lV G J¸_X\6JJ b YqÁV G J¸KJ b QRS]K UA[ b , V G J¸V k U¿AJT2V^QRKJd< m [ V G J G c:\6J k x{YATZQRfJedS]UWVXQZY4[VXJ k KQa[:YATZYA|qc$ k U¿c:_-U k J!V G Jf G U k UAfVXJ k Qa_XV^QRf_ YqV G Qa_JedS]UqV^QaYA[^<  TaUA_X_XQRfUWT_^YATaS]V^QaYA[]_fUq[ |qJe[]J k UWTaTZc
x6J b J,u6[]J b Y4[:TacQR[.U[:JQa| G x6Y k`G YdY b YWÁV G J/_XYAS k fJ5<- Y k J\ k JefQa_XJTacdS]\ VXYV G J JYA[]Je_31 G J k J k U¿c:_
f k Y4_X_]< F G Qa_lQa_lx{JLfUAS]_^JV G J/V k U¿qJeT]V^QRKJx6JefY4KJe_KS:TaV^Q+>UWTRS:J b 1 G Je[ k U¿cf k YA_`_< m VQR_l\6YA_`_^QRx:TaJ-V^Y
b J,u6[:J¸U_^QR[:|qTaJ/¿UqTaS]J b |qJe[]J k UWTaQKJeJ b _XYqTRS:V^QaYA[fUqTZTaJ b V G J¸dQa_`fY4_^QaV°c_^YATaS]V^QaYA[ n uquo< F G JL_^J¸_XYqTRS:V^QaYA[]_
k JeKhUqQa[]_fYA[4VXQa[dS:Y4S]_-x]S:VQZV`_| k U b QaJe[4V-KhU¿cx6J b QR_XfYA[4V^QR[dS:YAS{_< F G J!TaY:fS]_YWV G Je_XJ!_^QR[:|4S:TaU k QaV^QaJe_
U k JV G J  UqKQZTaV^Y4[AUAfYAx]QgfYAS][4VXJ k \]U k VX_!YW/_ G Y:f	d_ÄY khG cd\6J k x6YqTaQaffY4[]_^J k UqV^QaYA[ TRU 1-_<'O4VXUAx:TZJ
S{\$1 QR[ b [dS]KJ k QafeUWT"u6[:QaV^J b Q *#J k Je[{fJ_Xf G JeKJe_ U k Jd[:Y 1-[ VXY fY4[AAJ k |qJV^YV G J4QR_`fYA_XQaV°c _^YATaS:VXQZY4[^<
F G JÄYATZTaY 1 Qa[]| k Je_`S:TaVXr½ k Y4K n t{w o s QR_UxAc&°\ k Y b S]fV/YW®V G JeY k JeKh_.1 G Qaf G fUA[x6JÄYAS][ b QR[ n z.o
r>_^JeJ/UqTa_XY n uAu.o s < 6 JU k JQa[4V^J k JL_^VXJ b Qa[V G J¸dQR_XfYA_XQZV°c_XYqTRS:V^QaYA[.YW r·MAt s ÄY k  ?   ]U u]i:J bb YAKhUWQR[^<6¶J_`S]\]\:TaJeKJe[4V V G Qa_-JedS]UWVXQZY4[ 1 QaV G U (/Q k Qaf G TZJeV-x{Y4S][ b U k c fYA[ b QaV^QaYA[,
r s 
 r s&%  ?    D r·MqM s
F G Je[
,
r·V G J®dQa_`fY4_^QaV°c¸_^YATaS:VXQZY4[ s QR_V G J®UWTRS:JB½S][{fV^QaYA[!YW]V G JÄYATZTaY 1 QR[:|-Ji:QaV¡V^QRKJYA\]V^QRKUqT4fYA[4V k YqT
\ k Y4x:TZJLK  TaJV1   x6JV G J_`UWVXJ/YqV G JfY4[4V k YqTaTZJ b.b c:[]UAKQRfUqT<_^c:_XV^JLK       
 < r s&%  F   rF s 
  r·MgG s
1 G J k J  V G JfYA[4V k YAT#feUq[x{JV`UqqJe[Qa[0 





F G J¸fYA_XVg½S][]fV^QaYA[Qa_g|AQZAJe[x4c 3
r %!5s 
.-#" w r   r ss    r   r%$ ss r·MdC s
1 G J k J&$ b JL[:YqVXJe_gV G JAu k _XVgJi:QaV V^QRKJYq   <Q< Jd<$ 
(' '*) )4F =   r s ?     
UA[ b u6[]UWTaTac.V G J4QR_`fYA_XQaV°c _^YATaS:VXQZY4[.Yqr·MAt s r·MqM s QR_ |AQZAJe[.x4c ,
r s 
 Qa[:  3 r % 5s D r·Mdz s
2YqVXJ®V G UWVUA[Ac   \]UqV G    r " s QR[   _`S]f G V G UWV    r$F s 
  Uq[ b \]U k UAKJeV^J k Q JJ b 1 QaV G QZV`_fS k dQZTaQa[]JeU kUAx]_`fQR_X_`U " fY kXk Je_`\{Y4[ b _IVXY/UA[U b KQR_`_^QRx:TaJlfY4[4V k YqT  
       " <  YA[4qJ k _XJTacL|qQaqJL[Uq[4c¸U b KQR_X_XQRx:TZJfYA[4V k YqT  r s V G JfYA[{_^V k UqQa[4V   r s & wQRK\]TZQaJe_ V G UWVUfS k dQZTaQa[]JeU k p V^QRKJ]q\]U k UAKJeV^J k Q JeUqV^QaYA[ YqV G J.UA_X_XY:fQRUWV^J b _^V`UWV^Jr·\]UqV GSs    |qQaqJL_UTaY 1lJ k fYA_XV r·MdC s < F G J YA\]V^QRKUqTlfYA[4V k YqT\ k Y4x:TZJLK r·Mdz s
feUq[V G J k JÄY k Jx{JÄY k K!S:TRUWVXJ b UA_V G J¸KQR[:QRKQKJLUWV^QaYA[ YW r·MdC s r 1 QaV G f G YA_XJe[hVXYx6JV G J¸fS k dQZTaQa[]JeU k
UAx]_`fQR_X_`U s YqJ k UqTZT<\{UWV G  k YAK VXYV G Jx6YAS{[ b U k c    <
6¶J[:Y 1 b Qa_XV^QR[:|AS]Qa_ G V G]k JJfUA_^JL_ 
w5< F G QR_ k Je_`S:TaVX_ G YqT b _ 1 G JL[   
   B C       .QR_!S{[4x6YAS{[ b J b < m [ V G Qa_fUA_^J   QR_!U _XYAS k fJ\{YAQa[4Var½MAM slk J b S]fJe_gV^Y ,
r s 
 F r·MAv s
Uq[ b JeqJ k cYA\]V^QRKUqT]\]UWV G  k Y4K  [:JefJe_`_XU k QaTac p Ji:QaVq¸UWV 5< F G J-fY4_^V½S][{fV^QaYA[ r·MdC s QR_|qQaqJL[
x4c 3
r %!5s 
 - " w r   r ss   r·MAy sUq[ b V G JYA\:VXQaKhUWTgfY4[4V k YqTl\ k Y4x:TZJLK QR_[:YqV G Qa[]|x]S:VV G J "{J k KhUWV r·KQR[:QaKS]K V k U¿qJeTBV^QRKJ s
\ k Qa[]fQa\]TZJd< m VfeUq[ x6J¶_ G Y 1-[ r k Qa|qY k Y4S]_XTZc s V G UWVV G J¶YA\]V^QRKUqT/\{UWV G    1 QZV G U _`S:QaVXUAx:TZJ
x]Uqf	&1gU k b V^QRKJ \]U k UqKJVXJ k QKJLUWVXQZY4[ " r G J k JlJi:UAfVXTZcV G JgV k U¿qJTdVXQaKJ s _`UWVXQa_^ÄcV G J k U¿cPr½®S:TZJ ksJedS]UqV^QaYA[]_       " 
 r  s   " 
   r  s    r  s
r#GF s
_XS{\]\:TaJeKJe[4V^J b x4c/UgV1®Y\6YqQR[4V<Qa[]QZVXQaUqTAUq[ b u6[]UWT4fY4[ b QaV^QaYA[]_]< m [¸V G Qa_fUA_^Jvr·Mdz s Qa[ b QafeUWVXJe_<V G UWV
V G J/dQa_`fY4_^QaV°ch_^YATaS:VXQZY4[ 1 QaTZTI\:QRf	hS]\.UqVYA[]J\6YqQR[AV®V G JJLU k TZQaJe_XVBV k U¿qJeT{VXQaKJ/YAS:V®YWÁ\6YqVXJe[4V^QRUWT
k U¿c:_!r·f G U k UAfV^J k QR_XV^QRf_ s f k YA_`_^QR[:|V G J k J5< F G J/_^YATaS]V^QaYA[ 1 QaTZT k JeKhUWQR[ fYA[4V^QR[dS:YAS]_31 QaTZT#\{Y4_X_XQRx:TZJ
b QR_XfYA[4V^QR[dS:QZVXQZJL_ QR[.V G J| k U b QaJe[4V 1 G J k J k U¿cd_gf k Y4_X_ 1 QaV G KhUWVXf G Qa[:|hV k U¿AJT#V^QRKJe_]<
xKx%Çzy]{,|}LÓ
tqM   &X	]%:&"P
u< 6 J[:Y 1%fY4[]_^Q b J k U x6YAS][ b J b   Uq[ b VXUAWJ  r s 
 F ÄY k  ?    UA[ b  
  JeT _^J1 G J k J   r½V G Qa_f G YqQRfJ UAfVXS{UWTaTZc¶fY k`k Je_`\{Y4[ b _¸V^Y U_^V`UWV^J fYA[]_XV k UWQR[:J b Y4\:V^QRKhUWTfYA[4V k YqT\ k YAx:TaJeK n uWvo n tAuo s < 6¶JUA_X_`S]KJV G UWV¸V G J k JQR_¸U k U¿c_^YATaS]V^QaYA[ Yq:r#GF s I|qYAQa[:|. k Y4K V^Y) k JLKUqQa[]Qa[:|_XV k QafV^TacQa[   Uq[ b k JLUWTaQKJeQa[]|UKQa[]QaKS]K V k U¿AJTV^QRKJQR[¶V G J_XJe[]_XJhYW@r½MAy s <6 QZV G YAS k x{Y4S][ b U k cfYA[ b QZVXQZY4[Uq[ b QR[dQZJ1@YqV G J!fY4_^Vg½S{[]fVXQZY4[ r½MgC s Uq[4c Y4\:V^QRKhUWT\]UWV G
Qa_¸fYA[]_XV k UWQR[:J b V^YJi:QZV/V G J b Y4KhUWQR[UWV d< j U k UqKJVXJ k QKJeJ b 1 QaV G QZV`_/feS k 4QaTaQa[:JLU k Uqx]_`fQR_X_`U7
V G QR_ k U¿cQa_lV G J/\]UqV G _XYqTRS:VXQZY4[YW<V G JUAx{YAJ-YA\:VXQaKhUqT2fYA[4V k YqT{\ k Y4x:TZJLK r½Mdz s UA[ b
,
r s Qa_lV G J
KQa[:QRK!S{K V k U¿qJeTV^QRKJ k YAK V G J _XYAS k fJ 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 JeTa_XJ'1 G J k J5< m [.Uq[S][dx6YAS][ b J b b Y4KhUWQR[ r·feUq_XJw s V G J_^Y4S k fJfUA[UqTa_XYx{J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J  < F G J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Y4_^QaV°c._XYqTRS:V^QaYA[UWV:
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6¶J _XS]KhKhU k Q J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Q u6J b x4cU k U¿c
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YA[]_XQ b J k V G J_XQRK\]TZJ!_XQaVXS]UqV^QaYA[ r%u{|AS k J w.C s 1 G J k J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Y4K\{S:V^J b u k _^V_`\6Jef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J5< F G J[:J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YA[]_XQ b J k Qa[]|\6YqQR[4V m Uq_ _XYAS k fJ5<
"Q k _XV V G JdQR_XfYA_XQZV°c _XYqTRS:VXQZY4[.QR_-fY4Kh\]S:V^J b Y4[V G JTaJÄV-_XQ b J/YqV G JQR[AVXJ k ½UqfJNr>_^Y4S k fJ¸\{YAQa[4V-UWV
o s < F G J k JhQa_¸U\ k QaY k Q[:YK!S:TaV^Q+>UqTaS:J b [:JL_X_¸Y:ffeS k`k QR[:|.QR[ V G QR_ JY4[:J_XYV k U¿qJTV^QRKJe_UA_X_XY:fQRUWV^J b
VXY k U¿c p wUq[ b p u 1 QaTaTÁx{JfYAKh\]S]V^J b S{\VXYV G J!Qa[4V^J k ½UAfJd< F G JQ b JeU[]Y 1 QR_-V^YPu2[ b V G J!_XYAS k fJ
\6YqQR[4VÁY4[V G J k QZ| G V_^Q b JÄY k 1 G Qaf G V G JgUq_`_^Y:fQaUqV^J b dQR_XfYA_XQZV°c¸_XYqTRS:V^QaYA[ 1 QaTaT G U¿AJlKhUWV`f G QR[:|_XTZY 1-[:JL_X_
AJefV^Y k r½| k U b QaJe[4V' k Je\ k JL_^JL[AVXJ b x4c!U kXk Y 1-_ s 1 QaV G V G J TaJÄV_XQ b J _XYqTRS:V^QaYA[UWV\6YqQR[4VX_YA[!V G J QR[4V^J k ½UAfJ5<
xKx%Çzy]{,|}LÓ
tdC   &X	]%:&"P
o/[u{|4S k JNr^wLv s ÄY k QR[]_XVXUq[{fJ\{YAQa[4V m QR_gV G JfY k`k JefV®_^Y4S k fJ5< F G JKJV G Y b 1 QaTaT^u6[ b V1lYh_XTZY 1-[:JL_X_
KhUqVXf G QR[:| \6YqQR[4VX_ r½QR[AVXJ k _^JLfVXQZY4[ YW p w¶Uq[ b p u 1 QaV G V G J¶Qa[4V^J k ½UAfJ s < F G J¶dQa_`fY4_^QaV°c+_XYqTRS:VXQZY4[
UA_X_XY:fQRUWVXJ b 1 QaV G U_^Y4S k fJ/\6YqQR[4V UWV h|qJL[:J k UWVXJe_®U| k U b QaJe[4VlUqV®V G J¸Qa[4VXJ k ½UqfJ b QR_`fYA[4VXQa[dS:Y4S]_1 QaV G
V G JTaJÄV!_XQ b J| k U b QaJe[4VUWVV G Je_XJ._`UqKJ\{YAQa[4VX_]< 2YqVXJV G UqVV G J k JQR_[:Y KS:TaV^QBUWTRS:J b [:Je_`_JeQZV G J k
Y4[V G J k QZ| G V_^Q b J5< p U¿c:_ p wUq[ b p u G U¿AJ!x{JeJe[ _`\:TaQZV/_XS{f G V G UqVJLUqf G \]U k V k JLUWTaQKJeJ!U KQa[]QaKS]K
V k U¿AJTdV^QRKJ YA[ G QR__^Q b J?r>fUq_XJ¸w-_^JLfVXQZY4[u s < F G J V1lY b Q+*#J k Je[4VV k U¿qJeT ¡V^QRKJe_ 	w Uq[ b ^u 1 QZTaT{_XQaKh\:Tac
x6J!|AQZAJe[ x4c_`S]KhKQR[:|V G JTZJ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IYA[ U.TaQR[:JhYW k JefJ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UqTZTacfY4K\{S:V^QR[:|.V G J4QR_`fYA_XQaV°c_XYqTRS:VXQZY4[ÄY k U_XYAS k fJ!\{YAQa[4V/YA[JLUqf G k JefJQaqJ k Uq[ b
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k U¿cV k Uqf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_`\:TaQZV-x6JV1®J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Qa| G x{Y kXG Y4Y b s < m [ YAS k \]U k V^QRf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UWT-KQR[:QRK!S]K < o/[ u{|4S k J¶wey G Y 1®J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k JeUqTZQ JJ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QR[
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 o s |qQaqJe_=	w!Uq_ k U¿cp w!QR_/U.|qTaYAx]UqTKQR[:QRK!S]K QR[ D p w!ÄY k r½M4y s Uq[ b Ji:QZV/V G J b Y4KhUWQR[1 QZV G JeJ k Y.fY4_^V.1 G QaTZJ k U¿c p u
Ji:QZV 1 QaV G QR[Vu6[:QaV^J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YA_XV<
D Uq_XJ b YA[ V G QR_Q b JeU,V G Jx:QZ| k U¿c V k UqfQa[:| UWTa|qY k QaV G K r·Uq_\ k Y4\{Y4_^J b QR[ n yo s _^QRKh\:TZc+f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QR[ _ G YdYAV^QR[:|¶U _`S f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UqTZTac f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YA_XQaV°c _XYqTRS:VXQZY4[
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V1®JJL[ JeUAf G f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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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